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PREFACE 


It lias lieoii my eii<loavoiir to mako that portion of tlic following book which 
1 ‘cfcrs purely to ]>oints ])articiilar to ])rodn('er gsis manuractun^ and plant di^J^ig^n 
as dolaiU‘d a.s ])ossihl(\ This has meant that sueh parts as refer to pinnts 
eommoii to other^ sysUms* of find utilization have only heen dealt with in a 
general way. * • • 

]\[) ohjoet has not been to state tlui eommereial development of eaedi typ(‘. of 
^ plant, hut rather to set out the specific features of each design which has been 
built and worked for jirodueiT gas jiroduetion. * Accordingly, f have in many 
cases (xplained certain, sjiecial designs, in as much deta.il as 1 have employed in 
(l('seril)ing tliose designs which are far more commonly emjiloycd in practice. • 

Uciiig intimately connected with the p'’oduction of producer gas, J may 
perhaps have mentioned in more v^etail thr^i* pi juts with which 1 Inivo been 
])ersonally conciTru'd in the pi^st ; but, franl^ly,. 1 have endeavoured to describe 
other plants and ty])es as impa.rtiajly as ])ossible, and wish to take this 
opportunity of thanking the A^irions linns both in this country and abroad who 
bav(' BO freely supplied me with information phout their plant. 

1 wish also to express my thanks to M]‘. (t K I), Harper for his kind help 
and criticism regarding the text, and to Mr. A. T. ({riseiithw'aite, ll.Sc., for 
assistance given in ('onnection with the large nuniher of c.iileulations iHvolved in 
the preparation of the tables and diagrams. 


N. E. lUMllUSH. 


Wkst Villas, Stockton-on-T^.s 


May 1923 . 
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CHAPTER I 

•GENERAL REMARKS 

i. • 

COMPARISON WITH OTHER METHODS OF FUEL UTI/JZATION 

Solid fuels are the chief source of the heat and power wliich arc used«by the industries 
of tliis country. Various processes are in common use to render available the heat 
contained in a solid fuel, and the producer gas process is one which has rapidly 
found favour. The best way to define clearly the typical points about the produced 
gas process is to make a short comf)arison between the various main processes 
adopted in industry to utilize the heat of a solid fuel. * 

There are three main processes : — 

1. Direct combustion. * ^ 

IT. Distillation with simultaneous coking. 

HI. Complete gasilicati?)n. ^ 

I. Burning the fuel directly by admitting all the air that is necessary for com- 
plete combustion, leaving only ash and clinker behind as a residue, is the simplest 
and oldest of ’all processes. It is by this method that the largest quantity of fuel 
is consumed in ap])lica^ions varying from the domestic fire-grate to medianically 
stoked boilers or pulverised-fuel fired furnaces. 

II. Distillation of fuel by heating it in closed retorts or chambers without 
admifision of air, results in our separating the fuel into three different jdiases : 
gaseous, liquid, and solid ; namely, gas, tar and liquor, and coke. Gas made in this, 
way is obtained by liberating the volatile matter in the fuel, and, therefore, is generally 
of high heating value (from 450 to 600 B.T.U. per cubic foot net). We distinguish 
t>etween three different types of distillation plants : — 

* • 

{a) The Towns’ Gjig Works, whose main object is to produce a gas suitable for 
domestic and other purposes, 

/^TTOnci -tTrUirtU n4- nm/v rt 11 1 -it.nfi rtn 1 /»/^lrrt 
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(c) Low temperature distillation processes whereby a smokeless fuel suitable 
for domestic and industrial consumption is produced simultaneously 
with low temperature ” tars. « 

. In cases (a) and (b) only 20 to 25 i)er cent of the total heat -content 
of the solid fuel is obtained in a gaseous state, while in casfe*(c) very much 
less gas is obtained. 

III. Complete gasification comprises all the processes which ain^ at converting 
the whole of the solid fuel into a gaseous and liquid (tar oil) state, leaving only ashes 
as a residue. We distinguish between three types of complete gasification processes, 
depending upon whether the gas is obtained by decomposing the fuel with either 

(A) atr in the air producer gas generator, or (B) steam in the ivater gas generator, or (C) 
by a mixture of the two in the producer gas generator proper. 

(A) The Air Producer Gas Generator is now only used for specific purposes, 
unless special means are provided to avoid the operatiorf troubles caused by excessive 
clink<!^r formation. In working this type of generator* the aim is to convert all 
the carbon in the fuel into carbon monoxide gas, CO, by admitting a current of 
air only in quantity insufficient to obtain complete combustion of the fuel. Air 
Producer Gas has generally a heating value of 120 B.T.U. per cubic foot net when ' 
good-class fuel is in use. 

(B) In the Water Gas Generator steam and air arc su])plied intermittently at 
regular periods, each cycle lasting about 5 to 8 minutes. During the steam j)eriod 
witter gas is produced by the hot carbon combining with the steam to form hydrogen 
and carbon monoxide. Since this reaction absorbs heat, the fuel in the generator 
gets cooler as the addition of steam continues, while the gas simultaneously j)roduced 
decreases in heating value. To, heat up the fuel bed again the steam supjdy is 
stopped and air ojily is admitted in ample quantity to obtain complete combustion ; 
thus the fuel bed is quickly raised to such a temperature that it is ready again for 
the production of water gas, the normal heating value of which is about 300 B.T.U. 
net per cubic foot. 

(C) The Producer Gas Generator Process proper is a -continuous one, Tuaking 
use of a simultaneous manufacture of both air-producer gas and water gas. It 
gives us the most thermally efficient means for converting solid fuel into gaseous 
form, in -ihat such a quantity of steam is mixed with the air previous to its intro- 
duction into the producer that the heat- absorbing and heat-generating reactions 
of the steam and air respectively tend to maintain a comparatively low fuel bM 
temperature. Producer gas may vary in heating yalue from 110 to 190 B.T.U. 
.net per cubic foot depending upon the fuel in use. ^ 
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HISTORICAL OUTLINE OF DEVELOPMENT OF PRODUCER 
• GAS PROCESS 

If a sufficfently deep fuel bed is provided in a solid fuel grate, be it for a boiler, 
domestic fireplace, or »tber purpose, a partiaPproduction of producer gas will take 
place, and in so far as this statement applies, the first time when producer gas was 
made may data as far back as we care to count. 

As far as we know, the first separately constructed gas producer was built by 
Bischof in Germany, 1839, wjio was followed by Ebelmen in France, 1840, and 
Ekman in Sweden, 1845. 

The first large industrial development in the use of gas producers was when 
the two brothers Siemens patented their first combined gas j)roduccr and regenerative 
fjirnace in 1861 ; thus opening u[) the field for the use of raw crude producer gas in 
heavy furnace work, • * 

During the years 1879 -1881 J.*E. Dowson in England developed a producer 
gas cool] Tig and cleaning plant, which e.vtended the scope of application of producer 
gas furtlier in so far as it became jiossiblc to utilize the gas in small furnaces and 
gas engines. , 

In 1889 Dr. Ludwig Mond showed how it had been jiossible during some 
jireceding years to generate producer gas, vrhile simultaneously recovering by- 
jiroducts from the fuel m a (;hemical works in Cheshire, England, thereby pointing, 
out that not only are wc to consider a producer gas fuel from the point of view*of 
its heat content, but also from that of its properties in regard td the recovery of 
certain jiroducts required in the Chemical industries aad Agriculture. 

The worlc of the various pioneers mentioned above has been followed up until 
the jjresejit day by engineers, chemists, ^nd manufacturers tliroughout the world, 
develo[)nients and improvements being continuously brought about both in regard 
to the gfuieration and ajiplication of producer gas, with the result that this gas is 
now^ generally accepted as the cheapest form in which, we can obtain and apply 
gaseous fuel for most industrial heating and power purposes. 

The number of firms in England, America, and Germany which design and 
sufiply producer gas plants is at present about 150 ; this statement is sufficient 
evidence of the extensiv# requirements of industry for producer gas plants, ’ 


.FUELS SUITABLE l^OR PRODUCER GAS GENERATION 

Although coal is the most commonly used solid fuel for producer gas generation * 
both here and abroad, many Countries do not possess coal supplies of their own, 
and either have to import this, or select that fuel utilization process which will 
tiffiat their htrme fuel in thy most econmnical way. 

Apart from its cheaper operating costs the producer gas process is very much 
in advance of any of th^ other gas-making processes in so far as it is possible profit- 
ably to use practically any cembustible matter in a suitably designed gas producer. 
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The following list of fuels that have been used for the generation of f)roducer gas 
in various parts of the world brings this point clearly forward 

« 

Anthracite smalls. Almond, cocoa, and other nut shells. 

Refuse coal containing up to 50 per cent Fruit stones. •* 

ash. ' ' * Bark. 

Coke ballast or breeze containing up to S])5nt tan. 

50 per cent ash. • 

Moist brown coal. 

Moist lignites. 

Moist peat. 

Wood. . 

Sawdust, and other sawmill and wood 
refuse. 

Sugar-cane refuse. 


Straw. 

Tea prunings. 
Cotton se^eds. 
Rice husks. 
Olive husks. 
Kurdy husks. 
Camel dung. 



PART I 
THEORY 




CHAPTER II 


THE PRINCIPLES UNDERLYING THE FORMATION 
OF PRODUCER GAS 

Producer gas may be considered as a mixture of completely burnt and combustible 
gases, the amount of combustion ^ of the solid fuel needed being of such a magnitude 
as to balance with the various thermal losses adherent to the process. 

Whatever degree of combustion of the fuel is needed is obtained by burning 
the carbon in the fuel with oxygen, generally in the shape of air. Since the quantity 
of heat set free in this way is of such a magnitude as to cause difficulties in the 
working of the generator, steam or other gas which absorbs heat on combining 
with carbon (endothermal agent) is added to the air introduced. Thus, in the 
formation of j)rodu«er,gas* we have to deal with the combined effect upon hot carbon 
of two different gases, each of which may form various gaseous bodies, depending 
upon thr physical conditions existing in the gas producer. 

In the following we shall therefore study — 

(1) The effect of oxygen or air upon hot carbon. 

(2) The effect of steam or other endothermal agent upon hot carbon. 

(3) The formation* of other combustible components of producer gas 

otherwise than by means of air or steam. • 

(4) Examples of practical gasification results by the, joint action of 

(1) and (2). ^ . 

• • 

Table 1 ^ 





* Molecular 




No. 

Reaction. s 

Reaction Heat. 

Heat of Reaction per unit 



^ Cals, (large) jier 

weight of Solid Carbon. 




gramme molecule. 

9 



fl 

CtO^ 


(Jals./kg. 

R.T.U./lb. 


+ 97-65 

h8137 

+ 14650 

Oxygen. 

2 

C+CO 2 --=2C() 

- 38-8 

-3233 

- 5820 

3 

2 C + O 2 • =200 

f 58-8 

+ 2450 

+ 4410 


4 

200 =200^ 

+ 136-4 



• 

f5 

C+H/) =C0+.H, 

- 28-8 

-2400 

- 4320 

Steam 


(steam) " 



6 

O+ 2 H 2 O =C0,+2H„ 

(stcani) 

- 18-8 

- 1566 

- 2820 



.7 

OO + H^O =00,+ IT, 

4 - 

0 

0 



*• 

n 

1 (Htaim) ^ ^ , 



— 


1 _JO. m .. * 

1 




^ The solid fuel obvitAisly is completely bur At to ash. 

® Tlyrougiiout the book the term “calorie” refers to the large or kilogramme calorie unit unless 
otherwise definitely stated. • 
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Table 1 gives a list of tli^ possible reactions of air and steam witl^ carbon, the 
gaseous components formed as well as the heat evolved or absprbed by the various 
reactions. , . 

The table is based ui)on the most common figures for molecular heats given 
by various authorities upon the subject ; but in applying the figure's in this table 
to practice it should *be borne in mind that the heat of CDinplete combustion of ^ 
carbon alters considerably with the type of carbon used, e.f ]. — 


Observed Heating Value 
l)er kg. Carb(»n. 

Stjite of Oarbon. 

1 

Authority. 

(kls. 

• 8080 

8137 

Wood charcoal. 

Favre and Silbermann. 
Berth elot. 

8040 

Sugar charcoal. * 

• 

* Favro and Silbermann. 

t 

8047 

Retort graphite. 

Do. 

7762. 

7901 

* Blast furnace graphite. 

Do. 

Berthelot. 

7997 

• 

Natural graphite. 

• ^ 

Favre and Silbermann. 


. Tlic molecular reaction heat is the thermochemical standard, which designates 
in calorics the amount of heat evolved or absorbed when as many grammes of the 
substance as its molecular weight hgure indicates, fake ]hacc in the reaction. For 
instance, C + O 2 C 02 ( l OT'tir) cals.) nieaiu. that 12 grammes of carbon react with 
32 grammes of oxygen to give 44 grammes of cjirbon dioxide, and that thereby 
97*65 calories (large) are set free ; similarly C +IL/) -(X) f ( -28*8 cals.) means 
that 12 grammes of carboh react ).Vith 18 grammes of steam to give 28 grammes 
of carbon monoxide and 2 grammes of hydrogen, and that thereby 28*8 cals, are 
absorbed from the surroundings. 

(1) T^HE EFFECT OF OXYGEN OR AIR UPON HOT CARBON 

If air (oxygen) ^ is introduced into a gas })roducer it is possible that all reactions 
1 to 4 in Table 1 may take place. 

Fig. 1 shows the various reaction stages diagrapimatically. 

Air (O 2 ) is introduced through the grate into the fuel bed and on coming into 
contact with the carbon is practically instantaneously burnt, as per reaction 1, 
into CO 2 , which on rising uj) through the fuel bed is gradually converted into CO 
by contact with the succeeding layers of hot* carbon which the ^ases hhve to pa^ 
through (reaction 2). . . , 

1 Air is a mi:^turc of 79 7)er cent of nitrogen (Ng) an<l 21 per cent oxygen (O^), buj) it is only the 
oxygen which takes part in the req,ctions of air with carbon. i ‘ 
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If the gases existing immediately at or near the grate are intensely hot it is 
possible that reaction 3 (the direct formation of carbon monoxide from oxygen 
and carb(m) may take place. From a practical point of view it is enough that the 
ultimate goal^aimed at, which is the formation of CO, is achieved, but it may here 
be mentioned that divergent opinions exi^t as to whether feaction 3 takes place 
directly or not. In hccordance with the author’s experience there is no doubt 
that the CO 2 formation stage is the first and the initially preponderant one, but 
since the rate ’of formation of OOg is so much larger than that of the formation 
of CO, it is f'ractically impossible to prove whether in gas producer practice 
reaction 3 does take place or not. 

Reaction 4, the combustion of 
CO by means of free oxygen to (Xlg, 
should not take place in any well- 
operated gas producer. On fig. 1 this 
is indicated as taking ])lacc by some 
air escaj)ing below the (JO 2 reaction 
zone through a fissure in the brick- ^ 

work up behind the brick-lining and Qasinfi 
then again through a fissure at the 
toj) of the brickwork into the gas 
zone aliove the fuel |)Otl. Similarly 
the existence of a shallow fuel bed of 
uneven temjieratiire may in certain 
places cause oxygen from the grate 
to pass to the uj)per fuel layers with- 
out previously coming into contact 
with carbon of a sufficiently high • 
temperature. ^ 

Ihe ultimate goal is, as stated, i — P kocedure of Phoducek Gas Forma'iion. 

to make as much as possible of the • • 

combustible gas CO with as little as possible COg, and although this is nearly possible 
of achievement in practice, yet COg will always be present in the final gas. The 
reasons for this arc various, but the main cause is that the reaction between C and COg 
belongs to the class of reversible ” reactions, so that instead of writing 

C + C02 = 2C0, 

we must write C •F COg ^ 2 COt 38-8 cals., 

thereby indicating not only that carbon and COg can form CO, but that CO can 
split up into C and COg. Silch a system is in a state of dynamic equilibrium for 
^ which (if sufficient time be given for the attainment of the equilibrium stage at a 
fjertain temperature) the Relative quaittities of CO and COg formed can be determined. 
It is a well-known law of physical chemistry that those reactions which absorb 
heat are favoured by high temperatures ; this also applies in the case of the formation 
of CO, {he rate of which is very much more rapid at higher than at lower temperatures. 
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The first to investigate the principles underlying this reversible reaction was 
Boiidouard,^' who was followed by Mayer and Jacoby ^ in Germany, Rhead and 
Wheeler ® in England, and the reader is referred to the original work of th^e various 
researchers. On the basis of some of these tests Table 2 has beep worked out 
[Dr. K. Neumann), ^n this table is ^te^ted the volume percentages of the various 
^ases which will be in complete equilibrium with solid carbon at various tempera- 
tures if sufficient time be given for the attainment of the equilibrium stage. 


Table 2 
C+C02^'>2C0 



Gas 

r.-i |H‘r cent by Volume. 

Equilibrium Constant. 

Temperature 

- - . 



K = 


CO, 1 

Cl. 1 

• • 

1 1 

CO, 

400 

20*6 

9 

•9 

78-5 

•00039 

500 

17-1 

6-4 

76-5 

•02396 

600 

10-] 

18-] 

71-8 

•3241 

700 

3-1 

29-4 

67*5 

2-789 

800 

•6 

33-7 

05-7 

18-94 


* In considering the figures given in this table it should be clearly emphasized 
that, apart from the cfliect of the nature of the solid carbon in use, it may take hours 
ihd even days for the complete •equilibrium to be established. For this reason 
it is clear tliat tliese results caiuio^^ be directly applied to gas producer practice, 
where the gases are only in contact with thp fuel for a single or for a few seconds. 

An extended research ui)on the formation of CO from COg and carbon under 
s^ery short time exposures, such as actually exist in*a gas producer, has been carried 
[)ut by Clement, Adams, aqd Haskijjs,^ on the basis of whose work figs. 2, 3, and 4 
and Tables 3 and 4 have been worked out. 

Fig. 2 and Table 3 give the result of the effect of passing COg over hot coke 
at varying temperatures and at various rates, while fig. 3 and Table 4 show the effect 
of the natlire of the carbon used upon the speed of the reaction. 

From fig. 2 and Tables 3 and 4 it will be realized that the shorter the time of 
contact the lower will be the amount of carbon monoxide formed, and that if the 
time of contact is decreased it will be necessary to increase the temperature if the 
same final gas composition is to be obtained. It i^ further clear that the tempera- 
tures given in Table 2, corresponding to the achievement of complete equilibrium, 
have to be considerably exceeded if a final gas composition corresponding to the 
equilibrium stage is to be obtained. 

^ Annale^ de Chirnie et de PhyMque, 1901, No. 24, p. 5. 

* Journal fiir Gasbeleuchlutig, 1909, j). 282. * 

3 T. Chem. 1910, 2178, and 1911, 1140. 

* Essential factors in the formation of prodiuier gas. Bureau o/'Mine-Sy 1911, Bulletin, No. 7. 
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Table 3 


Rate of Formation op CO from COg and Coke 
Clement, Adams, and Haskins (Bull. 7) 


900. 

. 1000. 


1200. 

1300 


t 

Per <‘cnt 

t 

Per cent 

t 

» Per cent 

t 

J*er cent 

t 

I’er cent 

Seconds. 

Crt. 

Seconds. 

CO. 

Seconds. 

tX). 

Seconds. 

CO. 

Seconds 

CO. 

142-0 

27-8 

123-2 

m-iy 

90 

97-1 





80-20 

16-9 

80-25 

79-5 

29-92 

95-5 





43-91 

9-6 

33-25 

52-7 

13-20 

81-7 

18-92 

98-7 


• 

24-82 

6-6 

18-72 

35-0 

6-765 

59-2 

12-70 

98-3 



16-11 

3-7 

(1-37 

13-8 

3-198 

34-6 

8-25 

95-6 

8-86 

99-7 

9-575 

2-3 

. i'KTJ 

• 9-1 

1-784 

21-1 

2-4 

62-4 

4-15 

99-7 

3-741 

0-9 

3-072 

6-9 * 

1-66 

19-42 

1-6 

46-0 

2-1 

95-5 



1-983 

4-5 

1-462 

17-7 

1-1 

35-7 

■ 1-13 

81-6 





-962 

12-1 






The peivetitages o( CO givj^n are thoae found by tlie matliematical equation, which in moat cases 
arc in close agreement witliVlie figures obtained ex|x*riinentally. 



Fig, 3 indicates fliat not only is it necessary to consider the time contact factor 
and the* temperature, but that the nature of the fuel itself has an important bearing 
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upon the rate of formation of carbon monoxide. For inst^-nce, whereas at 1100° C. 
and 5 seconds time contact practically complete conversion of COg to CO is obtained 
ivhen using- charcoal, for coke and anthracite only a 45 to 50 per cent Conversion 
is obtained. 

* Table 4 

Hate of Formation of CO from CO^ and Charcoal or Anthracite at 1100° C. 


Charcoal. 

Anthracite. 

t Seconds. 

For cent CO. 

1 Seconds. 

For cent CO, 

:i()-48 

97-2 

34-2 

91-2 

10-13 

97-2 

9-37 

G5-7 

4-9()8 

97-1 

5-415 • . 

• 47-2 

3-filO . 

90-8 

3-301 ! 

32-2 

1-921 ' 

95-5 

2-139 

25-1 



Time in Seconds , 

Fig. 3. — Effect of Nature of Carbon upon CO Formation. 


The curves in fig. 4 represent a summary of the results which these investigators 
obtained by passing a mixture of CO.^ (21 percent) and nitrogen (79 pef cent) over 
hot coke. The percentage of CO formed is plotted as ordinate against the tempera- 
ture employed as abscissa, while each of the various curve^* represents the inter- 
relation of the^e two variables for a definite length of time of contact between the 
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gases and the coke. The various curves represeriit the results of time factors 
varying from infinite (completed equilibrium) to 0*1 second. 

It is ^>f course extremely difficult to estimate with a definite degree of accuracy 
the actual time that the producer gas is in contact with the hot fuel, since the amount 
of voids in the fuel bed alters with the gracyn^ and the jioros^ty of the coke formed 
from the coal ; further, such factors as openness in the fuel bed due to the effects 
of caking and clinkering cannot be determined with any degree of accuracy. 



Temperature in Decrees Centigrade 


Fig, 4, — Effect of Timk P’actoh epon (!() Formation. 

With a given fuel depth *the temperature alters in the various layers, and 
therefore it is also very difficult to determine the average fuel bed temperature, 
especially as the CO formation rate in no way increases proportionately with the 
'Aemperatuie. 

To show by' \V*ay of example of what order are the time factors available in 
practice, the follow! ii^ example is given': — 

Assume 1 ton of coal giving 120,000 cubic feet of producer gas being gasified per 
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hour in a producer 10 ft. internal diam. and having a fuel depth of 3 ft. at a temperature 
of 1100° C. Assume further that air used = 60 per cent of gas = 72,0(K) cubic feet per 
hour. Say average volume of gases in fuel bed = 96,000 cubic feet at N^.P. or at 
1100° C.= 4^3,000 cubic feet per hour, i.e. gas volume per second = UH cubic feet. 

Assuming that half of the producer fuel bed volume consists of void» inside the fuel 
particles and surrounding th(‘ same, then ihe 3 feet fuel bed will leave a space for the 
gases of 

^102x3x1=117 *6 cubic feet ; 
i.e. time factor is of the order of 1 second. 

We may therefore conclude that in the usual ga^ producer practice the average 
time factor for the gases in the hot zones will be of the order of 1 to 3 seconds, and 
that therefore, unless very high temperatures exist, there is not sufficient time for 
the (JO formation to be completed. 

Not only is the time factor and the temperature of importance, but the physical 
state 1 of the fuel during the process of gasification must sintulfaneously be borne 
in mind. The effect of the ])orosity, the heat conductivity, the exposed surface of 
each fuel particle, and the (iatalytic effect of minerals in the ash are items about 
which only the very slightest idea can be obtained from the ordinary fuel tests, 
and yet with inslillicient knowledge of these ])roperties it is impossible to adapt 
to practice right away the laboratory investigations of the various researchers 
quoted. However, the research work carried out hitherto*‘e£iables us to lay down 
£h^ ideal conditions for the j)roduction of a gas high in CO, viz. — 

That the fuel surface exposed should be as large as possible. 

(h) That the time of cemtafit between the fuel and the gas is made as 
high as possible. ‘ • 

(c) That the temperature should bei maintained as high as practicable. 

Item (g) is, as already mentioned, a factor that is only determined by the fuel 
itself, but in so far as the surface fijetor depends upon the size of the particles of 
the fuel it is within the users’ or designers’ power to choose/ what fuel to purchase. 
It should in this connection be borne in mind that finely graded fuel causes a large 
pressure loss in the fuel bed, and also tends to increase the quantity of heat lost 
by solid fuel particles being carried away with the gas. 

Item (b).~ - This can be allowed for in the design by making a producer of large 
dimensions, especially by increasing the fuel depth, or working the producer at a 
slow rate of gasification, of which methods the former is more likely to be com- 
mercially efficient than the latter. • 

Iteni (c).— To maintain a high temperature in the fuel bed can be achieved by 
working the producer at a high rate of gasification, which, however, has the opposite 
efiect to the requirements of item (6), but thg main limitations in this j-espect ar^- 
the clinker formation troubles, which will always occur ’when, uwing an air blast 
without steam, unless, of course, a special type of slagging gaS f)roducer is used. 

< • • . 

^ See Boudouard, s.v.t and. see also Rheod and Wheeler, J. Chem. Soc., 1912, p. 831. 
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Apart from the practicM difficulties, it will be .obvious from a study of the 
curves in fig. 4 that, an increase in temperature (item c) is far more effective in 
regard to Ijie gas quality than an increase in the fuel depth or time factor (item 6). 

To work gas producers with a dry air blast has, generally speaking, not been 
very successfuT in practice, not only on account of the exccssjve amount of clinker 
formation attendant thereupon, but also because a very large heat loss is involved 
in the formation of CO only from carbon. 

The ultimate reaction is : — 

2C + 02-~>2C0 58-8 cals., 

showing that 24 grammes of carbon when burnt to CO liberate 58*8 calories ; in 
other words, 30 per cent of the heat in the carbon as su])plied to the producer. 
As some COg is always formed in addition to the CO, it is obvious that the gas 
producer efficiency (if the gas is to be used cold) will never be over 70 per cent, 
and generally very much Jo^er, since heat losses in ash, dust, tar, and by leakages 
will have to be added to the radiation and sensible heat losses caused by the com- 
bustion of the carbon to CO and COg. 

It is usual to introduce another gas (generally steam) whose reaction with 
carbon is endothermic, with the air to the producer, whereby some of the heat, 
which would otherwise be lost in radiation or as sensible heat in ‘the hot gases, is 
regained as jjotential heat in the shape of hydrogen. Clinkering difficulties are 
siniul taneously decreased.* 

(2) THE EFFECT OF STEAM OR OTHER ENDOTIIERMAL AGENT 
UPON HOT CAl^ON 

Since steam is the cheapest form in which w^ cAn o})taiu a })ure gas which reacts 
enrlothcrmally with carbon, it has so far %1 ways been used in gas producers for this 
pur])ose. From a purely theoretical point of view, there is no reason why carbon 
dioxide, which also reacts endothermally with hot carbon forming double its own 

volume of carbon monoxide, could not be u^‘-d for the same purpose, but for 

practical reasons, as will be discussed later, the process, if carried out in this way, 
would, generally speaking, not be commercially economical. 

The principal reactions between steam and hot carbon are : — 

*C + HaO = CO -f- Ha “ 28*8 cals (5) 

C + 2 H 2 O CO 2 -H 2 H 2 - 18-8 cals (0) 

In other words, the combination of steam with hot carbon results in the pro- 
duction of a mixture of gases c0nsisting of carbon monoxide, carbon dioxide, and. 
hydrogen, at the same time /causing a considerable heat absorption. In actual 
practice some of the steam is not decomposed by the carbon and is mixed with the 
other gases^all of which, if given siifl^cient time to interact, may be considered to 
be in a state of ^ivnamiC equilibrium with one another in accordance with the 
following reversible reaction : — 

‘H2O-tCO:;^H2 4.CO2dbl0cals (7) 
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The investigation of the- interactions between sleam and carbon has been 
made in the first instance by Harries ^ and Farup,^ the latter studying especially 
the reactions for the temperature range of 820° to 910° C., the gases b«ing left in 
contact with the carbon for a considerable time. 

Harries passed {^eam over charcn^il heated to temperatures between G74 and 
1125'" C. in an electric furnace and obtained the following results : - 

Table 5 


Harries’ Experiments with Water Vapour and Charcoal 


Toniporafuro 

(J. 

(.TtlS 

(LiircH 

per HCH-.). 

Volumetric Cras Analysis. 

Equilibrium 

Ct)nstant, 

(H,0)(CO) 

K ((ialculated 
Liiffgin). 


(K) 

CO 2 

ti,0 

. 674 

0-9 

8-41 

0*63 

3*84 

w 

87*12 

\*70 

0*49 

758 

• 1*8 

22*28 

2*67 

9*23 

65*82 

*85 

*70 

838 

3-28 

32*77 

7*96 

12*11 

47*15 

*94 

*98 

861 

5-3 

:«i-48 

11*01 

13*33 

39*18 

*89 

1*07 

954 

6-3 

44*43 

32*70 

5*66 

17*21 

2*25 

1*41 

1010 

6-15 

47*30 

48*20 

1*45 

3*02 

2*12 

1*65 

. 1060 

9-8 

48*84 

46*31 

1*25 

3*68 

• -2*78 

1*88 

• 1125 

11*3 

50*73 

48*34 

*()0 

•303 

•48 

2*11 


Although not definitely • staled by Harries, it would api)ear, from the close 
agreement between Taiggin’s cak'ufated figures for the equilibrium constant K and 
those based on the actual observations, tfiat the gases must have been so long in 
contact with the carbon, or one another, that the equilibrium point was nearly 
attained. The same result is also arrived at if one makes a comparison with the 
equilibrium constant values calculated by Hahn ^ : — 


Temperature ° (f 

600 

800 

986 

1100 

1400 

1600 

■ abOKco) 
(C02)(H2) 

•37 

•91 

1-57 

• 

2*07 

3*07 

3-8 


In other words, Harries' figures, although of great value from a pioneer and 
scientific point of view, refer to conditions of reactibn times not obtainable in gas 
producer j^ractice, where tlic duration of contact between the gases and carbon 
is of the order of a few seconds. ‘ , * • 

A most valuable contribution to our knowledge of the IiiJeractions between 

1 ,/. /. (^fibd.y isof. “ Zeil. f. ammj. Chsmie, 190G, 276^ 

“ Zeit. f. j>hysi1c. Chemie, IIKKI, p. 38o. 
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iteam and carbon has been made by Clement and Adams, ^ some of whose experi- 
nental results have been abstracted and are shown in Table 6. 


Table 6 (Clement and Adams) 

• • • 

Effect of Time and Temperature upon Decomposition of Steam 
BY Hot Carbon 


Tcinppratiiro 
ill " C. 

• 

Time of 
(Vmtact 
in Sees 

(’oniposltion of Dry (ias, per cent. 

Coniposition of Totil Gas, per cent. 

Per cent 
of steam 

CO., 

CO 

•Ju 

cu. 


H,0 

(!Oj 

CO 


(7L 

(Icconi- 

l)osed. 

Cok(‘ : 

800 

102 

4^8 

24-4 

42-5 


81-7 

99-1 

•06 

•40 

•49 


•52 


•410 

4-2 

250 

45-5 


84-7 

99-6 

•02 

•16 

•21 


•21 

900 

s-:ir) 

• 9-41 

.•tt-4* 

45-7 

2-0 

87-9 


2-75 

8-51 

12-78 

-.57 

15-7 


2-9(> 

6-8 

29-8 

47-5 

1-9 

960 

89-5 

•75 

4-.26 

5-22 

•21 

6-0-^ 


1*47 

7-9 

:i60 

46-6 

1-8 

922 

92-9 

•61 

2*78 

2-60 

■ 14 

41 

,, 

•5 

6-0 

40-8 

47-5 

1-9 

96-2 

96-2 

•24 

1-62 

1-88 

•08 

211 

- 

•24.7 

5-9 

29-5 

48-() 

1-2 

94-6 

97-9 

•13 

•90 

1-09 

•02 

117 

1000 

0-98 

i;i-6 

28-6 

49-3 

2-6 

94- 1 

69*8 

4-.28 

9- 16 

15-8 

•84 

20-2 

,, 

:pi2 

10-7 

;].to 

50-3 

2-0 

96-6 

78*4 

2-40 

7-53 

11-28 

•45 

13-5 

,, 

2 04 

9-0* 

:tr)i 

48-4 

1-9 

950 

81-3 

1-89 

6-92 

9-56 

•.27 

1145 

,, 

1 ■025 

7-8 

38^0 

48-5 

1-6 

95-9 

88-7 

•91 

4-48 

5-71 

•19 

6.54 • 


•241 

71 

.S9^0 

481 

1-9 

96- 1 

96- ; 

•27 

1*47 

1-81 

•08 

2-02 

IKK) 

7-97 

14-6 

28-1 

53-1 

1-4 

97-2 

34!» 

9-8 

18‘8 

35-6 

•90 

521 


1-97 

12-8 

28’9 

5J-2 

1-5 

94-4 

67«6 

.4-4 

9-92 

17-6 

•51 

2K75 

,, 

i-o:i4 

13-;i 

20-5 

52-5 

1-9 

98-2 

!)8-2 

76-8 

:316 

7*22 

12-41 

•44 

14-87 

- 

•259 

IIMI 

.20-4 

.521 

1-4 

92-0 

1-09 

2-48 

4-.32 

•11 

4-76 

1200 

11 -05 

•:3 

51-8 

42-9 

10 

960 

5-0 

•2 

51-2 

42-5 

1-0 

90-8 

,, 

4-48 

•6 

52-1 

42- 1 

J-2 

970 

IV) 

•5 

44-6 

37-0 

•9 

71-3 


•866 

7-4 I 

29-2 

49-4 

1-2 

97-3 

74-8 

1-92 

10-18 

12-80 

•31 

15-5 


•2:17 

:P6 

46-3 

470 

1-9 1 

98-8 

830 

•62 

8-0 

811 

•32 

9-79 

i:ioo 

4;i2 

•4 

50-5 

42-7 

1-9 

96-5 

•0 

•4 

52-4 

45-3 

2-0 

100 


1 -245 

•;i 

'49-r) 

45-8 

1-9 

97-6 

17-4 

•3 

41-9 

38-8 

1-6 

* 70-9 

C harcoal : 
1100 

6-92 






•9 

•0 

50-5 

47-3 

1-3 

98-6 ■ 


5-62 


, , 


. , 


•9 

•1 

50-1 

48*1 

•8 

98-3 

» 

3:i7 






123 

•3 

43-2 

43-4 

•7 

78-3 


1*77 



.. . 



20-8 

•4 

39-6 

39-0 

•2 

65-8 


f To the originally published figures given in this table has been added the 
calculated quantity ol the introduced steam that was decomposed in each experi- 
ment, the calculation having been based upon the average figures for the steam 
^ Bureau of Mines , Bulletin No . 7. 

• A 


2 
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quantity decomposed, determined from both the hydrogen - containing gases 
(H 2 +CH 4 ) and the oxygen-containing gases (CO +CO 2 ). 

The curves in fig. 5 show the relation between temperature, timcoof contact, 
and quantity of steam decomposed as well as the effect of using various* types of 
Darbon (coke or charcoal). The maip. j'oints to be observed from the curves are 



Fig. 5. — Amount of Steam dkcompuskd at various- Temperatures and Time Factors, 


( 1 ) That very much higher temperatures are‘ required than those shown by 

other researchers, if a reasonable quantity of the steam introduced is to be decomposed 
and gas made from it. ‘ t f 

( 2 ) That, when working under low-temperature conditioOs^, the time the gases 
and carbon are in contact must be much more than proportionally extended if the 
same quantity (Jf steam is to be decomposed as at higher temperature!. ‘ 
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(3) That the nature of tlie fuel has a very great? effect upon the rate of the 
reaction. 

With regard to the effect of the nature of the fuel, some experiments have been 
made by Gwosdz^ showing the most divergent results when using artificial carbon, 
charcoal, or coke ; from these researches it m ^o be concluded* that not only is it 
4 iecessary to bear in mind the relative porosity, the heat conductivity, and the exposed 
surface of the fuel, but it is equally necessary to allow for the catalytic effect of the 
mineral impurities in the fuel (ash). 

In other words, the same general principles which underlie the reactions 
between air and hot carbon (page 14) also apply in the case of steam. 

Whereas dry air produces only two gases (carbon monoxide and dioxide) when 
passed over carbon, steam in addition also produces hydrogen, and probably also 
some methane as well. Since the final composition of the gas is of practical im- 
portance, it is therefore necessary to study the relative quantities produced of each 
of the gas component^ at the various time factors. To facilitate this, curves covering 
the fluctuations in the composition of the dry water gas ” are shov^n in figs. *6 
and 7, the bases for which have been obtained from Messrs. Clement and Adams’ 
work. 

Fig. 6 shows three scries of curves, one for each of the gaseous components, 
carbon dioxide, carbon monoxide, and hydrogen, to show the individual effect of 
varying temperatures and contacts. 

Fig. 7, the results of which have been abstracted from the curves in fig. 6^ 
show the likely variations in the gas compositions with the temperature under 
time-contact conditions of 1 or 3 seconds, i.e. such as are likely to be available under 
actual gas-producing conditions. 

Before discussing tin* conclusions that ca» be drawn from the curves in figs. 6 and 7, 
it should be mentioned that th(' figures given by Clement and Adams for the? total dry gases 
produced always show a divc'vgeney from the total 100 per cent, which divergency was 
proved to he due to tfie presence of nitrogen and oxygen, the oxygen being about 21 per 
cent of the tc^tal of the two. Sin(;e in practice air leakages of this kind could not take 
])lace, all figures in the curves have been based upon the sum of the COg, CO, llg and 
CHj fractional volumes being equal 100. Further, some of the original figures vary 
somewhat from those represented by the curves as drawn, although the author has 
endeavoured as far as possible to adhere to the original experimental figures obt£fined. 

The quantity of cAirbon dioxide formed increases with the temperature and 
time factor between 900 and 11(K)° C. to about 15 per cent, when it suddenly 
decreases to about zero for 1 200"^ C? and over even for short-time factors. 

The quantity of carbon monoxide formed decreases with the temperature and 
time factor between 900 and 1 100° C. to about 30 per cent, when it very quickly 
incTeases to 50 per cent and over for 120j[)° C. and higher temperatures. 

The quantity of diydro^en formed increases with the temperature and time 
factor between 900 and)»ll^° C. to about 55 per cent, but not as rapidly as the 


^ J. Gwosdz, Zersetzvng von Wasaerdampf^ Dies., Berlin, 1918. 
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Time- factor in Seconds 




Fig. Q. — Amount of various Water (3as Constituents at various Temperatures ^ 
AND Time Factors. ' ^ • 


increase and decrease of the CO 2 and CO respectively ; further, between 1100® C. 
and 1200° C. it decreases again to less than 50 per cent. 
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From these conclusions and for the fuel in question it would appear as if the 
reaction 

^ C-f- 211,0 ->C02 + 2H2 . . . . (6) 

is more predomii;ant between 900 and 1100° C. than the reaction 

^ C+HjjO— ^CO+Ha, (5) 

while the latter, on the other hand, exists exclusively above 1 200° C. 

Whether this actually be so or not is somewhat difficult to say, since as soon 



10(3. 7.— Variation- in (Composition of wIteu Oas at various Temperatures. 


as any 00, or CO is formed they react with the carbon in accordance with the 
reaction • 

2C()“->C02+C; 

consequently it is jiossilile that this “ secondary ” reaction may to some extent 
“ niiisk ” the results obtained. 

Since a mixture of aif and steam is often introduced, it will be found of interest 
to Consider the relative rates of decomposition of carbon dioxide and steam. For 
this reason the curves in fig. 8 have been drawn, the basis for the results given being 
Messrs. Clement and Adams’ revsearch. It would appear from these curves that 
at above 1100° C. there is a greater tendency to decompose carbon dioxide than 
steam, while at about 1100° C. the relative rates of decomposition are about equal, 
and below 1100° C. the rate of decomposing steam is larger than that of CO,. 

• A point worthy of note in fig. 7 i^ the sudden sluggishness in the formation 
of CO between lOOO'^and 1100° C., which also has been referred to in the researches 

by Ehead and Wheeler, who on passing oxygen only over carbon find that the 

• • 

1 “ The Mode of Combustion of Carbon,” Trans. Cliem. Soc., 1913, voL 103. 

• # 
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I 

CO content increases with the temperature, then suddenly drops, and again suddenly 
increases with increase in the temperature. For 60 seconds or longer time contact 
they found this phenomenon appearing between 700 ° and 900 ° C. ; •in the same 
way, the two CO curves on fig. 7 show that by increasing the time factor the 
fluctuations take place at lower temperatures. 



Fig. 8. — Relative Quantities decomposed of COg on*IL^O over Hot Coke. 


Methane CH4 may be formed by the interactions of the steam, carbon, and the 
gases produced therefrom, the following reactions being possible : — 

C+2hJ, -CH4 +22-1 cals. 

CO+3H2 -CJL+II2O + 50-9 cals. 

CO2 +4H2 - CH4 + 2H2O + 40-9 cals. 

Although the matter of the direct formation of methane by these reactions 
has been questioned considerably by various investigators in the past, yet the 
author has proved the presence of methane in gas samples taken from the lower 
part of the generators w^here no volatile matter could exist in the fuel. Further, 
producer gas made from coke or anthracite will contain appreciable quantities of 
methane which could in no way be accounted for from the traces of volatile matter 
contained in fuels of this kind. 

In all of Clement and Adams’ tests (Table 6) the presence of CH4 to the extent 
of 1 to 2 per cent of the total dry gas was proved. Further, it is mentioned by them 
that even in cases where the coke was heated for a long time previous to the intro- 
duction of the steam, the content of CH4 in the “ water gas ” was not affected. 

The balanced reactions at various temperatures between methane and the 
components of the reaction of steam with hot carbon have been examined by Ma^er 
and V. Altmeyer ^ in Germany and Sabatier and Vignon 2 ’hi France. Although 
all their tests were conducted in the presence of catalytib agents, such as lime, 

1 Jour!f. Qaaheh, 1909. ^ * Vignon, Ann. Chim. 15, 42-60. 
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nickel, and cobalt, which are not likely to be present to any large extent in most 
gas-producer fuels, yet the results obtained will serve as a guide for possible future 
developmcMts of gas production. 

On the basis of Mayer and v. Altmeyer’s observations the figures in Table 7 
were calculated for the state of completed dynamic equilibrium. 

Table 7 

Methane Eeaction.s (Mayer and v. Altmeyer) 


Reacjjiion : OOj + CH452CO + 2 Hj 


Temperature “C. 

Volumetric Gas Composition. 

CO 


CO, 

CH 4 

427 

• , 3-n * 

3-44 

46-56 

46-56 

527 

12-83 

12-83 

37-17 

37-17 . 

627 

29-44 

29-44 

20-56 

20-56 

727 

43-06 

43-06 

6-94 

6-94 

827 

48-10 

48-10 

1-90 

1-90 


. • Reaction: CH 4 + Hj05:CO + :!Il 2 


Tcmpcraidire C. 


Volumetric G is 

Composition. 

• 

CO 


. CH, 

HjO* 

427 

2-79 

^•37 

44-43 

44-43 

527 

8-13 

24-39 

33-73 

33-73 

627 

15-74 

47-22 

18-51 

18-51 

727 

21-42 

64-26 , 

7-17 

7-17 

827 

23-81 

71-43 

2-38 

2-38 


Reaction : + 2H20^( 'Og + 4 H 2 


Tempera turo ® C. 

-» ~ 

Volumetric Gas Composition. 


CO, 

n. 

CH, 

H .,0 ■ 

327 

* 

1-9 

7-69 

30-16 

60-32 

427 

4-89 

19-56 

25-19 

50-38 

527 

8-84 

35-36 

18-60 

37-20 

* 627 * 

. . 12-84 

' 51-36 

11-92 

23-84 

727 

. 15-75 

63-00 

7-08 

14-16 

827 * 

47-55 

• 

70-20 

4-08 

8-16 
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Although the amount of 'formation of methane decreases with rising tempera- 
ture, yet it is probable that the catalytic effect of the minerals in the ash will 
considerably affect the amount formed from various fuels. 

Before leaving the subject of the uge of endothermal agents in the gas producer, 
reference may be made to a suggestion made many times in the past for the purpose 
of avoiding the cost of supplying the steam and to bring about the endothermal 
reactions in the gas producer, namely, to add prodmls of comb usi ion to the air blast 
and thus rely upon the carbon dioxide thereby introduced to bring about the desired 
effect. Products of combustion unfortunately do #not consist of carbon dioxide 
only, since this is diluted with nitrogen many times its own volume, and, as will 
be obvious from the calculations below, this is the main drawback against extensive 
use of j)roducts of combustjon as aiL endothermal agent. 

Assume with the addition of steam onhj to the air blast that we obtain the 
following operating eondilions : — * * ^ , 

Steam per kg. coal - 1-5 kg. (78” blast temp.). 

(las ,, „ =3-5 cub. m. (N.T.J\). 

Heating value of gas = 1370 cals./cub. m. (154 B.T.U./ft.'^) net. 

When adding products of combustion let us assume that they have the following 
composition , 

1 8 per cent . . . COg. 

82 „ . . . Inerts. 

Now let us assume thaP it fs j)ermissible to reduce the heating value of the 
gas by 20 per cent (from 155 to f24 B.T.H./ft.*^) due to the introduction into the 
gas of the inert nitrogen from the products of combustion. This means tliat if all 
the CO 2 is decomposed, we can add ]>er cub. m. of diluted gas 

20 X ^ = 24-4 per cent or 0-244 cub. m. of products of combustion. 

82 

The weight of COg in this volume is 

18 

0-244 X X 1 -OfH = -086 kg. 

The relative endothermal effect of steam or CO 2 on hot carbon is as follows : — 

C + COjj = 2CO - 38,800 calories, 

C + H^O = CO + H 2 - 28,800 calories ; 

i.e. the endothermal efieet of 1 kg. CO.^ is equivalent to tl\at froni^ 

38-8 18 ^ _ 

28-8 44 
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« 

Therefore the addition of 0-244 cub. m. of products of combustion to the air 
blast will replace 

• 0-086 X 0-55-0-0473 kg. steam. 

• 155 

The volume of the diluted gas per kg.V^fjal being 3-5 x — = 4-38 cub. m., the 

above rough calculation shows that the saving in steam is 0-207 kg. per kg. of coal ; 
i.c. 13-8 per cotit. 

When the difficulties and expense to be anticipated in practice by handling 
hot products of combustion ar« borne in mind, and that the saving in steam thereby 
obtained is only small, and even this only under the assumption that a lower-grade 
gas is as satisfactory as a higher grade, it is clear that at the present stage the use 
of COg as an endo thermal agent in producer gas j^roduction is not likely to present 
any great commercial advantages (see pp. 273-279 for practical applications). Whether 
in the future it wi,lljie posmble to produce products of combustion containing a 
low quantity of nitrogen is yet undecided ; but if this be brought about by, say, 
the use of cheap industrial oxygen, then perhaps we may look for the use of steam 
in gas-[)roducer reactions being generally replaced by carbon dioxide. 

(3) THE FORMATION OF OTHER COMBUSTIBLE COMPONENTS 
OF PRODUCER GAS THAN THOSE FORMED BY MEANS OF. 
AIR OR STEAM 

In the 2 )re(*eding we have considered the use of such fuels as charcoal, coke, ot 
anthracite, ail of which, exce])t for their ash content, may be looked upon as carbon. 

f)n ilie other hand, most of the available incTustrial fuels are not carbon and 
ash only, but contain “ volatile matter ’* such as hydrocarbons and carbohydrates, 
v'iiich are eliminated from tlie fuel in a more or less decomposed state by a process 
of distillation of gradually increasing temperature brought about by direct contact 
witli tlie hot gases made in the lower part of tlie gas producer from the reactions 
between the air and steam with the coked fuel residue. 

The “ volatile matter ” in a fuel may be classified into three main components : — 

(а) Water of dehydration and decomposition. 

(б) Tar or oils. 

(o) Gas. 

Tlie amount of gas formed fyom the volatile matter will, apart from the nature 
of the fuel, depend upon the rate of heating and the temperature to which the fuel' 
is submitted ; the higher these two factors, the larger will be the gas quantity made, 
since the tar or oils will be decomposed or “ cracked ” into gas and tar compounds, 
rtcher in carbon. ^ , 

As an example of how the nature of the fuel will affect both the quantity and 
composition ^of the distillation gas, Table 8 shows a series of results (obtained by 
the author) of distilling different types of fuel under the same conditions. 
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Tablk 8 

Distillation Gases from various Fuels 


Distillation Temperature - 800^" C. 



• 

Bituminous Coal. 

Lignite. 

Peat. 

Wood. 


Notting- 

hamshire. 

• 

France. 

South 

Africa. 

Australia. 

Australia. 

South V, 
America, 

Volatile matter, per 
' cent 

31-7 

15-66 

1 

28 35 

60-8 

67-9 

71-20 

Gas volume at N.T.P., 







cub. ft. per ton 

7,276 

8,762 

8,164 

. 13,470^ 

14,100 

7,938 

Average volumetric gas 
analysis, per cent ; 





21-0 

22-3 

CO, . . . 

3-2 

1-6 

10-0 

21-5 

C2H4 . . . 

2-9 

•8 

M 

1-0 

0-6 

1-4 

0, . . . . 
CO ... 

1-3 

-9 

1-5 

0-7 

0-4 

0-5 

8-0 

4*9 

11-2 

l8'5 

26-2 

20-4 

Hjj . . . 

39*8 

57-6 

46-6 

32-2 

33-6 

.32-8 

.CH4 . . . 

39-8 

32-2 

20-9 

24-2 

16-4 

20-9 

• * 

N, . . . 

fvO . 

2-0 

8-7 

1-9 

1-8 

1-7 

Cal. Val. B.T.U. net 
per cub. ft. N.T.P. 

572-3 

508 , 

393 

369 

362 

388-8 


From the gas analyses it will be obvious that the components of the distillation 
gas, with the exception of methane and ethylene, are the same as those ordinarily 
obtained by the joint action of steam or air upon the carbon. ' 

Since the heating value of the distillation gas is always higher than that of 
the producer gas obtained from the carbonized residue, the admixture of the former 
will cause an increase in the heating value of the final gas leaving the producer. 

When it is borne in mind that the quantity of distillation gas may constitute 
as much as 20 per cent of the final gas volume, it is obvious that it is an important 

factor to be considered when making producer gas from fuels rich in volatile matter. 

« 

(4) EXAMPLES OF ACTUAL GASIFICATION RESULTS 

In the preceding we have studied from a theoretical point of view how the air 
or steam added to the fuel or the content of volatile .matter ^in th«> same may 
affect the gasification results, and in the following we shall deal with investigations 
of producer gas jnanufacture on a larger scale than the laboi^tory researches hitherto 
referred to. 
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That nearly complete conversion of the carbon into carbon monoxide can 
be achieved in practice will be obvious from the following tests on producer gas 
made from dry air blast : — 


• 

Ebelmen (1840). ^ * 

Dowson. 

Georgs-Marien- 
huettei (1918). 

Fuel . .• . 

Charcoal. 

Coke. 

Coke. 

Coke. 

Gas analysis : 

1 




CO, . . 

•5 

•83 

1*4 

•3 to -7 

CO . . . 

33*3 

33*53 

32-6 

33-0. to 33^5 

E, . . . 

2-8 

1*48 

1-0 

•1 

CH 4 . . 


. . 


1-2 to 1-3 

N, . . . 

63-4 

64-16 

65*0 

•• 


The first thoroughly detailed investigation on the stages of the gas-making in 
(he 'producer was made by Karl Wendt ,2 who 
made a series of tests on a gas producer 
shown in outline in fig. 9. 

The producer was §' 9" (1750 mm.) in 
iiam., while the fuel depth was 5' 3" (1600 
mm.). At regular intervals of 10" (250 
mm.), commencing at the grate level, holes 
w^ere drilled through the steel shell and 
brick lining through which the temperatures 
iverc measured by pyrometer, and *gas 
samples taken. The fuel in use was bitu- 
minous coal, and two series of tests were 
made, one with dry air blast and one with 
i steam and air mixture, the results of 
ivhich are given in Tables 9 and 10 
respectively. 

Wendt mentions ^hat the gasification 
ilficiency, based on cold gas, but including 
iteain required, was 3| per cent higher in 
3 he case of the steam-blown producer than 
or the air- blown one j but since the gasi- 9. — k. Wendt’s Peoducee. 

ication rate was higher in the case of the 

atter, this economy might be questioned from a commercial point of view. But a 
;)oint which is of ^reat mportance is that at the temperature of 1400° C. for the air- 
fiown producer, most fuels would cause excessive clinker formation, which would be 
Jonsiderabl^ diminished with the 1100 ° C. temperature of the steam-blown producer. 

^ Iron and Coal Trades Review^ July 5, 1918. ® Forsck V. d. IngenieurCf 1905. 
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Table 9 

Dry Air Blast (Wendt) 

Rate of Gasification, 301 kg. coal per hour (26*2 Ibs./sq. ft. hour, 
or 130 kg./sq* m. hour) 


Height above 
Grate. 


Gas Analysis, 2 >t‘r cent. 

• 

TemiJcra- 

ture 

CO, 

CO 

H, 

cp. 

N, 

• 0 min. 

15*0 

9*7 



75*3 


2.50 „ 

•2 

34*1 



65*7 

1400 

500 „ 

•2 

34*3 



65*5 


750 „ 


34-5 

•4 

• ^ • 

65*1 


1000 „ 

•4 

33-4 

2*4 

•3 

• 63*5 

1250 

1250 „ 

•6 

30*0 

11*7 

•6 

57*1 


1500 „ 

1*0 

28*9 

9*8 

2*0 

58*3 

1030 

Gas outlet 

•7 

31*3 

6*3 

2*4 

59*3 

580 


Table 10 


Air and Steam Blast (Wendt) 

* Rate of Gasification, 20,8 kg. coal per hour (17*4 Ibs./sq. ft. and hour, 
or 86*5 kg./^^* hour) 


Height above 
Grate. 

1 

Gas Analysis, jier cent. 

Tem 2 »era- 
ture C. 

CO, 

« ■> ^ 


OH, j 

N, 

0 mm. 

11*4 




79*1 


250 „ 

9*3 

22 

Uh8 

•4 

57*5 

1100 

,500 „ 

5*5 

28 

13*7 

•9 

. 51-9 


750 „ 

3*0 

32*7 

17*9 

1*2 

45-2 

925 

1— 1 
o 
o 
o 

5*0 

28*7 

21*8 

5*0 

39-5 


1250 „ 

6*0 

28*3 

20*7 

4*8 

40-2 

810 

1500 „ 

5*3 

28-0 

19*0 

•4*1 

43-6 


Gas outlet 

5-3 

26*8 

14*6 

3-4 

49*7 

440 


Typical of the high teinj)eratures of the 5,ir-blown producer is the very much* 
more rapid formation of OOg and the following reduction to CD, the latter being 
completed about 10" above the grate, while the gases have, to pass through 30" 
fuel depth, when steam is added, before the highest CO content is reached. 
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On the other hand, there does not appear, in the case of the steam and air- 
blown producer, to be any difference in the time required to complete the formation 
CO from the CO 2 or "hydrogen from the steam ; probably this is due -to the tem- 
perature existing in the lower zones being about llOO'" C., at which the rates of 
decomposition of COg or steam are about ccjutil (see fig. 8). 

It will be noted that some divergency exists between the final gas analysis 
IS taken from the gas outlet pipe and the Ijist previous stage, which probably will 
lave to be at&ibuted to the fact that the composition of the gases at the edges of 
lie fuel bed (where stage samples were taken) differ from those generated in more 
•entral fuel layers. * 

Later, Dr. K. Neumann ^ made a series of investigations on the stages of the 

Table 11 


Gas Analysis^ at VA^uqjJS Staoes usino Wet or Dry Blast (Neumann) 


Vir Volume 
])er hour 

Ap])roxi- 
iruitc lilasi 

Grammes 
of Steam 

Height 

Gas Analysis, per eent. 

(j|as Tempera- 

cub. rti. 

Tenij)era- 

per eul). m. 







turo C. 

(Urate. 






N.T.P. 

turc " ('. 

N.T.P. 

(^0, 

VO 

IL 

CH, 

N, 





105 mm. 

12-0 

15-4 

13-7 

-1 

58-8 

1150 

42-8 

08 

«3‘l0 

510 mm. 

8-0 

23-4 

10-3 

•2 

51-5 

820 




Outlet 

12-5 

17-1 

14-4 

-4 

55-6 

410v ■ 




105 mm. 

7-0 


9-0 

-1 

00-5 

1260 

102 

52 

120-5 

540 Jiim. 

2-8 

.32-5 

n-i 

-1 

53-5 

890 




Outlet 

• 

5-0 

2 V -3 

10-9 

-0 

50-8 

480 




1 05 mm. 

4-4 

27-3 

7-5 

-1 

00-7 

1340 

10b 

47 

92-2 

540 mm. 

1-3 

33-0 

8-3 

-1 

50-7 

1080 




Outlet 

2-l‘ 

29-9 

8-8 

-1 

58-8 

010 




1()5 mm. 

3-2 

27-0 

1-0 


07-0 

1150 

40 

18 

. 10-5 

540 mm. 

-9 

31-5 

2-8 


64-8 

610 




Outlet 

3-8 

24-8 

i 

2-4 


09-0 

330 




165 mm. 

3-0 

lO 

G- 

1-7 


07-8 

1350 

97 

11-5 

10-8 

‘540 mm. 

3-0 

27-5 

1-7 


67-8 

960 




Outlet 

2-7 

29-0 

3-1 


65-2 

440 ‘ 




1 05 pjin. 

3-0 

20-6 

1-7 


68-1 

1490 

166-5 

10c . 

14-7 

540 mm. 

•1 

.‘52-9 

2-0 


65-0 

1050 




Outlet 

•9 

30-6 

1-4 


67-1 

480 

^ — 


_k 









* Zeit. d. V. d. Ina., 1914. 1481. 
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producer-gas formation when g^lsifying carefully graded coke with varying quantities 
of steam and air in a j)roducer 470 mm. (18J" diam.) x600 mm. (2' 0") fuel depth. 
Some of the results obtained are shown in Tables 11 and 13. i 

Apart from this table bringing us to similar conclusions as Wendt’s tests, it 
would appear as if the gas quality chaR^s very much in the space between 540 mm. 
above the grate level and the gas outlet pipe. 

The 540 mm. level was, however, just below the surface of the fuel, and it can 
only be concluded that in this respect the tests do not give the ri^ht impression. 
The gas samples were removed about 3" from the axis of the producer, and hence 
we can assume that they were either altered in comjfosition in passing through the 

sampling tubes, or that the 
gases in the centre varied in 
composition from those at the 
edges ; presumably the latter 
Sas'beeji the main cause of 

'US 

the discrepancy in the gas 
analyses given by Neumann. 

Evenness of TEMrERATiiiiE 

IN VARIOUS Fuel Layers 

• • 

The cause for the existence 
of a different quality of gas 
at various })arts of the fuel 
bed is in the first instance 
due to unevenness of tempera- 
ture, which in its turn is 
affected not only by the pro- 
ducer design but also by the 
fuel distribution. 

It is a well-known fact that 
most producers burn more in- 
tensely at tlie circumference 
than at the centre, since the 
resistance to the passage of 
the gas is generally less at 
, the edges than at any other 
Fig. 10. — TEMrERATiiiiK Variation in Mond’s Cas rRODi CEit. part of the fuel bed. Thus 

the gases passing through at 
the edges are not in contact with fuel only, but, further, they are passed through 
the fuel at a very much quicker speed than the gases ^t the^ cpitre, 4ience their 
time for contact will be very much less ; and although the^edge temperature in 
its turn becomes higher, yet we generally find the centre gages of a better quality 
than the edge gases. 
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To give the reader an fdea of how very much the fuel-bed temperatures may 
alter, fig. 10 shows a sectional elevation drawing of a Mond Gas Producer, on which 
measurem^ts of actual temperatures have been shown. Although the temperature 
existing at the various layers of a producer of this type is special to this particular 
gasification protess, yet a similar variation temperature in the various layers is 
not an uncommon occurrence in other producers. The diagram sliows very clearly 
that every particle of fuel cannot take part in the gaseous reactions to the same 
extent, and it "is not out of place to mention that the more evenly distributed the 
temperature becomes in any gas producer, the more efficient will be the gasifica- 
tion process. • 


Table 12 

Stage Gas Tests fob various Fuel Types 


Fuel. 

• % 

Jlato of 
(T.'isifioatioii, 
and 

Blast 
Tein]»era- 
ture C. 

Height 

above 

’Cas Analysis (Dry) Vol. per cent. 

Crate, 







liour. 

ft. 

COj 

0. 

CO 

ir, 

OH, 

(a) Before ashing : 

23 

77 

1 

15*4 

1-6 

4-3 

4-4 


Non - caking bitu- 



2 

16-6 

•4 

4-1 

1 4-0 


mi nous coal,* 



4 

18-6 

•2 

5-6 

5-6 

•6 . 

10,500 B. T. II. 



5 

15-0 

•8 

9-6 

15-4 


y)er lb. in large 



outlet. 

13*4 

•8 

14-0 

20*2 

op 

])ieces. 



• 

• 





{b) After ashing 

23 

1 

11 

1 * 

15'0 

•8 

2'] 






2 

16-2 

•5 

7'3 

8'4 

•3 




4 1 

17*9 

•3 

6-4 

8-8 

•6 




.5 

14*0 

•2 

10-0 

10-8 

•6 




Uas 

outlet. 

12-0 

•0 j 

J6-4 

22-0 

5-4 

(r.) Slightly caking 

26 

74 

1 

•8 

19-9 




bituminous 1 V nut ^ 



2 

10-4 

1-4 

18-2 

12-4 

1-2 

c 0 a 1, 12,000 



4 

9-8 

1-0 

20-0 

21*4 

1-8 

B.T.U. per lb. 



8 

9-4 

•2 

20-6 

21 

3;0 


• 


Gas 

outlet 

8-0 

•2 

21*8 

22*4 

4-2 

(r/) Unevenly graded 

15 

60 

1 


20-0 




peat (60 per cent 



4 

5-0 

14-0 

3-4 


. , 

moisturej 7100 

B.T.U./lb. netf on 

• 

• 

8 

9*4 

9-2 

6-4 

12-6 

1-5 

dry substance. • 
► • 



(jas 

outlet. 

14*2 

3-6 

9-2 

19-2 

2*1 
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Effect of Nature of Fuel upon Gaseous Reactions 

To give an example of how difficult it is to come to a definite coficlusion as 
to the stagewise alteration in the gas composition in the various j)arts of the fuel 
bed when using different fuels, th6 V.sults obtained by the author on a gas 
producer having more than 10' total fuel depth are given in Table 12. 

Tests (a) and (/;) are typical in so far as they show a distinct difference in the 
final gas composition before and after the withdrawal of ashes, while a comparison 
of (r/) and (b) with (c) shows a typical difference ^in results when gasifying two 
bituminous fuels of varying nature. Fuel (r/) and (b) was supplied in large lumps 
about 4" to 2", which did not in any way alter their shape on heating, and therefore 
exposed for contact with the gases only a small surface compared with that of fuel 
(c), which on caking together formed a porous coke, and thus exposed a very much 
larger surface for (contact with the gases. The effec^ o^ this is very noticeable in 
the gas analyses in so far as the time for the COo formatimi and CT) and steam 
reduction needs to be very much longer for the first fuel. 

Test (c/) is interesting in so far as it shows how the state of the fuel bed is 
altered when using a very wet fuel, and that oxygen may even be found in the gas 
leaving the generator. 


Effect of vahyino Quantities of 8team 

The tests in Table 13 were carried out by Dr. ]\. Neumann, and show 
particularly the effect of ste^im upon the gasification results when using a conMant 
dej)th of fuel ; nevertheless they#canuot be considered as a good example upon 
conditions obtainable in practice, because (1) the gasification rates are nearly all 
lower than those generally obtainable with carefully graded (‘,oke, and (2). as will 
have been obvious from the foregoing (pp. 18 and ID), the fuel depth should 
be increased with an increase in the steam quantity used. 

Of greater practical interest, however, are the tests carried out by Professors 
Bone and Wheeler, using a Lancashire bituminous fuel, in a 10' diam. Mond 
(las Producer^ (see fig. 10), coupled together with an air-blast superheater of the 
Mond type. These tests are summarized in Table 14. • 

The results have been arranged so as to show the effect of a gradual increase 
in the steam quantity added to the air (increasing blast temperature) ; the tests 
were made in two series, in each of which different fuel depths were employed. 

To emphasize further the effect of adding vilrying quantities of steam to the 
air blast, the last column of Table 14 contains comparative figures which have been 
obtained, when using 2^ lbs. of steam per lb. of coal (the Mond Ammonia Recovery 
Process), with a similar type of fuel to that lujed in the tests by Bone and Wheeler. 

It will be noticed that the gasification rate was higher for •the series of lower 
blastj temperature, but when it is borne in mind that mueb heavier manual work 

• • • 

^ Journal of Iron and Steel Instiiutey No. 1., 1907, and No. III., 1908. 
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was entailed in maintaining this higher gasification rate, it becomes a question 
whether such a i)rocedure would be economical under average working conditions. 


Table 

Final Oas Analyses, Steam esed, and Fuel oasified (Neumann) 


• 

Air saiaralion tempera- 
tare '' C. 

72^ 

65 

59 

53 

52-5 

49 

Weight of (carbon gasi- 







fied in kgs. pcT hour 

7-00 

11-36 

17-69 

25-35 

28-6 

33-0 

Kate of gasification 







kg. eVsq. ni. and iftur 

‘l(M 

. ___ 

65-5 

102 

116 

165 

190 

Weight of stea.ni used in 







kg. per kg. of carlion 







gasified 

1-820 

1-105 

-708 

•495 

-459 

•379 

Volume of air used in 

• 






cub. ni. per hour at 






m 

N.T.P. 

31-2 

72-3 

76-1 

105-5 

119 

137 

- - -- - — 

— — 


• 

— 





Tcmjicrature " V. . 

1120 

1180 

1 kyo 

1260 

1280 

1290 

CJas analyses (wet) in 


• 





volume })er cent : 







ax 

8-81 

8-39 

6-88 

5-26 

4-73 

4-11 

ai . 

11-68 

16-10 

20*22 

24-02 

25-35 

25-84 

Th. .... 

12-12 

11 -39 

10-31 

9-19 

9-09 

9-19 

.... 

■23 

-26 

•27 

-28 

-28 

•29 

n,o . . . . 

22-6 

1 1-35 

9-46 

5-99 

5-28 

4-15 

N., . . 

4-1-56 

49-51 

52-86 

51-96 

55-27 

56-42 










Apart from the diuTease in ('0 content and increase in COg and content 
with increasirjg blast ten i])erat Lire, wliich has already been referred to, it will be 
seen that the gas quality for the same blast tem])erature increases with the depth 
of fuel, while th(‘ gas volume produced from a unit weight of fuel increases with the 
increasing blast temperature. • 

W . b. Leech {Gas fjLouni., 28/6/22) reports that by increasing the fuel depth of 
the G.L. and gas producers at J3eckton from 5 to 13 feet the combustion tempera- 
ture of the gas was increased by 200'^ (A, evidently due to increased gas quality. 
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Table 14 

SuMMAUY OF Tests ity Professors Bone and Wheeler 

0 


Depth of liie] bed . , | 


2iul Scries. ^ 

■ 



Lsf Series. 

r 





3' 

6" 




7' 0' 



7' 6" 





1 00 m. 




2 13 m. 



2-21) rn. 

AvernKe hourly rate of 


31 1 Ibs./tt.-* 



20 0 Ibs./ft. 



21-4 

gasification 


1.5.5 kgs./m.“ 



102 kgs /jn 

2 * 


100 

Air blast saturatiun tern- 











per at lire 


45 

50 

55 

60 

60 < 

65 

70 

75 

80 

85 

Gas analvsLs, voliiiiie 











per cent 














2 35 


1 1 

.5-1 

5 25 

0 5)5 

5)- 15 

1 I 05 

13 25 

10 

CO 


31 •(•.() 

30 0 

28 1 

27-3 

27 30 

25- 10 

21 7 

1 8 35 

1 0()5 

11 

H.. 


ll-(H) 

12 35 

15 5 

15 5 

10 00 

18 3 

15) 05 

21-8 

22 05 

26 

(IT. 


3 0 

3 0 

3 0 

3-0 

3-35 

3 4 

3-4 

3 35 

3-5 

3 

N, 


.51-4 

51-55 

45) 0 

41)-0 

47 5 

45 5) 

40 1 

44 83 

44 55 

44 

Tobil rombiistibIcH 

4ti-2 

40 

40 0 

45 8 

47-25 

471 

44 75 

13 5 

42-2 

10 

Net calorific value of giis 
at N.T P. ; 






nr— j 





‘ IJ.T.U /It." 

17(ir> 

1 08 7 

105) 1 

100 5) 

173 

172 

103 

157 

1 53 

141-7 

Cals./n> * 

1,520 

1,503 

1,508 

1,187 

1,540 

1,532 

1,4.54 

1,400 

1 ,302 

1,201 

Yield of gas 

at N.T.P. 











per ton 
gasified ; 

dry coal 











VtJ 


133,700 

I32..500 

132,700 

13.5,000 

138,2.50 

131,100 

111,450 

I 15.800 

1 I7,.500 

148 000 

M ' 


3,780 

3,7.50 

3,700 

3,830 

3,5)20 

3,810 

4,010 

1,125 

4,180 

4,15)0 

]d)H. of steam iti air biast 











l>('r lb. of coal gasi- 











fled . 

• • • 

2 

21 

.325 

•454 

15 

57) 

80 

1 10 

1 55 

2 48 

Li>s, of steam in air blast 
per 11). of fixed car- 
i)oji gasifi(‘d . 











•31 

30 

50 

•78 

•77 

5)4 

1 37 

J 88 

2 05 

4 2f 

Ver rent steam deeom- 


, 

t 








posed 

• 

100 

05 

100 

t' 

76 

87 4 

80 0 

61 4 

52 0 

400 

30 

Lbs. of steam deeom posed 











per lb. oj eoal . 

2 

2 

33 


39 

44 

-49 

57 

62 

•75 

True thermal eflicn'iic.N 











of gas producer only 

70 

74 0 

74 5) 

75 

.80 

77 5 

77 3 

70 0 

75 5 

05) 7 

Elliciency ratio 

73 

71 8 

72 2 

72 5 

77 8 

75-0 

72 7 

70 1 

00 5 


Gas outlet tempera- 











ture “ (’. 


080 

080 

.''80 

020 





1 

5.50 

Fuel analysis 












Moisture 



About 7 

T>er cent 



3 to 0 per cent 




f('url)on . 


77 00 




78 41 




On 

dry 

substance^ 

Hydrogen 


5 35 




6 51 




Nitrogen. 







1 35) 




Sulphur . 
Oxygen . 


1-: 

25 




•83 

10 03 





Ash . 


4 00 




3 83 




Net 

R T.U./lb 


13, 

tio 




13,340 




heating 

Cals./kg. 











valiit! 

\ 





• 







* This column refers to average Moiid gas jiractiuc for by-product recovery. 


For the depths of fuel employed, the, highest thermal efficiency was obtained 
with a 60° to 65° C. temperature, which corresponds to about# | lb. bf steam being 
added per lb. of coal gasified. * 

^ The efficiency ratio ” figures given by Messrs. Bono and Wheeler are of great 
value (see p. 47) to the particular works in which the tests were made : they 
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represent the ratio between the net heat in the gas and the net heat in the coal 
gasified plus that in the coal required to supply the necessary steam for driving the 
blower engird and supplying the producer air blast. In the preceding column in 
Table 14 is stated.the thermal efficiency of the ggs^producer only, viz. the ratio between 
the net heat in the gas and the net heat in the coal gasified only, which, in the 
author’s opinion, will be of more value for comj)arison with operating results of 
other gas producf^rs. 

One point which should be most carefully noted is that although the percentage 
of steam decomposed decreases irivcrsely with the blast temi)erature, yet the total 
quantity of steam decom])osed increases both with the blast temperature and the 
fuel depth. The author, who has had the opportunity of making tests on gas pro-* 
ducers of still deeper fuel beds than those in the Mond Producer (and without super- 
heaters attached), has obtained the results as given in Table 15 when gasifying a 
similar bituminous fu^l to tlyit^)! Messrs. Bone and Wheeler. 

Table 15 



Fuel nej)th. 

. • 

Nearly 12' 0". 

Over 14' 0". 

(lasitication rate lbs. per sq. ft. aud hour 

20 

20 

JU((st temperature 

78"' C. 

• • 

76° C. • 

(las analysis : 

• 


CO, 

11 

8-3 

CO ... 

17-5 

21-0 

Hjj . 

21*5 

20-5 

CH4 

. s-s 

4-9 

N., 

40-7 

45-3 

Net heating val, at N.T.P. : 



B.T.U./ft.=^ ... ... 

154 

178 

C^als./m.’^ . • . . 

1374 

1590 

Lbs. of steam used j)er lb. of coal gasified 

1-45 

1-0 

Percentage of steam decomposed 

62 

90 

Lbs. of steam decomposed per lb. of coal 



gasified 

•90 

•90 

* Lbs. of steajn decomposed per lb. of fixed 



carbon gasified * 

• 

1-58 

1-58 


* It may be cTmsidered more correct to refer the quantity of steam decomposed to the quantity 
of fixed carbon gasified in preference to the fuel quantity. 
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From these results it will be seen that the researches made by Clement and 
Adams (referred to on pp. 10 and 17) are clearly confirmed in large scale practice, 
or in other words,* that it is incorrect to lay down a rule as to what st(<fam quantity 
to be added to the air blast will give^ the most efficient gasification result, without 
bearing in mind the time factor that* can be allowed for in practice. 


Summary 

Formation of producer gas in an efficient way^will be favoured if the following 
conditions are observed 

(1*) The highest temperature that is compatible with the avoidance of 
excessive clinker formation should be maintained in the lower layers of fueL 

(2) The steam quantity in the air blast should be governed by the time 
factor. ^ ^ 

.3) The exposed surface of the particles under gasification should be as 
large as possible. 

(4) The fuel bed temperature should be even across the whole fqel bed. 



CJIAPTER HI 

IMPORTANT FACTORS IN GAS PRODIK’ER PRACTICE 

i 

When considering the installation of, or the working results of a producer gas plant 
we have to eoneerii ourselves with live main factors, all of which have a bearing 
upon the technical, aH^l, thenetWe, the commercial, success of the plant in cjuestion. 

These factors are 

(J) Rate of gasification, 

(B) Thermal gasification losses. 

(0) Gas quality and quantity. 

(/)) Recovery of by-products. 

(B) The composition of the ash. 

It has been considered advisabh that, each of these points, which of course 
are all largely governed by the fuel or fuels available for gasification, should be 
dealt with in detail juevious to describing the destgn ?ind actual ojierating results 
of the various tyj)es of plant, thus giving the reader ;i guide to enable him to judge 
more easily betwecui the merits of the varn^us ])lants. 

In ap])lying the statements made in reference to the various factors, it is obvious 
that in certain eases one (►r more of these will be of greater importance to the user 
than the others, ))ut in dealing with each of these s»])arate points it has been assumed 
that the particular jioint dealt with is the one which is of most im])ortancc t-o the 
investigator. 


(A) RATE OE GASIFK ATION 

The rate of burning fuel in a gas jirodueer is generally eN[)ressed in weight of 
fuel gasified per unit of time and cross-sectional area of the generator. The terms 
used are /hv. of drij fuel per squitrefoof and hour or hilogranones of drij fuel per square 
metre and hour, de])ending u])on which system of measurement is in use. 

For the direct combustion of solid fuel, say in boilers, it has in the past been 
the custom to CNjiress the furnace rate in weight of fuel burnt per unit of grate 
area; this method js quite satisfactory where natural draught and shallow depth 
of fuel beds, say iV, are used ; but so far as gas producers are concerned, it is not 
unusual to find that thc.same quantity of fuel can be burnt per hour when using 
grates of which the area of the ojien spaces for the air passage of one may be only 
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a small proportion of that of the other. The author can point to one case of two 
10' diam. producers of which the open grate area of one was one-tenth that of 
the other, both producers working equally well. 

Apart from the fuel quality the main factor afTe(?ting the rate o? gasification 
may be said to be the amount and Clle evenness of the resistance' to the passage of 
gases through the fuel bed, and it is because the actual resistance to the passage of 
the air blast through the grate is on.^y a fraction of the total resistance in the fuel 
bed that the grate area (within limits) is of so little consequence. 

When dealing with fuels containing varying quantities of moisture, it will be 
found advisable for reasons of comparison to refei? the fuel weight treated to that 
of the theoretically dry substance of the fuel, which (and not the moisture) is the 
origin *of the producer gas. Hence the producer gas engineer who has to tackle 
the problem of gasifying fuels of all kinds will refer the gasification rate to the dry 
and not the moist fuel substance. 

The cross-sectional area of the j)roducer is simple ‘ro arsf/e at when the cross- 
section is the same throughout the whole fuel depth, but, as we shall see in Chapter 
IV., there are generators in which the fuel body under gasification for various reasons 
is made to taper either upwards or downwards. For certain fuels, where the main 
difficulty of gasification is jnet with in the upper layers, obviously the top area 
should be used, and in the opposite way for those iii wdiich the chief resistance is 
met with in the lower layers. To strike a mean it is, therefore usual t-o use the 
^average cross-sectional area throughout the fuel dejdh as the basis, for the cross- 
sectional area determination. 

• If suitably designed, a gas ])r(Klucer is capable of carrying a very large amount 
of overload for a (jonsiderable period, and more than one specific instance can be 
pointed (uit wdiere the average gasification rate over the day shift has been more 
than (JO ])er cent above the normal average continuous rating of the producer, wffiilc, 
on the other hand, a correspondingly lower load w^as maintained during the night 
shift. 

Similarly it is not unusual ff>r a suitably designed jiroducer to carry over 100 
])er cent overload for an hour, or several repeated peak loads at intervals, so long 
as the average continuous gasification rate over the 24 hours does not alter con- 
siderably from the normal rating. 

The figures referred to in the following pages are, tlierefore, expressly stated 
as the hourly continuous gasification rate over the 24-hour period. 

The rate of gasification of a generator is governed by the following main factors, 
each of which is more or less dependent upon the others : — 

I. Fuel. — (a) (trading. 

(6) Fuel nature. 

(g) Moisture. 

(d) Ash. 

II. Producer design. 

III. Load factor. 



FACTORS IN GAS PRODUCER PRACTICE 


39 


I. Fuel 

(a) Fuel Grading . — The evenness of or the vari 
governs the distribution of the resistance throughout tne luei oca, out large pieces 
of fuel require af longer time for gasificatioA dian small, while the latter, on the 
other hand, have a tendency to cause a very large resistance. In this way the 
grading of the fuel will govern to some extent the depth of fuel that is required to 
get an efficient* gasification. The following table represents the relation between 
the depth of fuel bed required in average practice for some different fuels of varying 
grading. * 



Taule 10 


f 

Fuel. 

(.{radirijj;. 

ymallo.st Econoruical Depth. 

Anthracite .... 

-J" to f" beans 

r 

0" to 2' 0" 

,, ... 

1" „ 1C' nuts 

2' 

0" „ 0" • 

Coke 

1" „ 1|" cubes 


2' 6" 

,, ..... 

]i" <■}» 

A 4 


3' 9" 

,, 

.yn <)fr 

J? 


5' 10" 

Coal ... 

C' „ J" nuts 


1' 10" 

. • 

,, ..... 

Run of mine 

4' 

10" to 6' 0" 

Wood ... 

Ijargc blocks 

5' 

0" „ 7' 0" 

„ . . . . 

Sawdust and shavings 

d' 

0" „ 5' 0" 

0 

— - — --- — - - 

— — — — » 

— 



It shoiilcl here be emjihasized that the aboVa figures only represent typical 
differences, and that in actual practice "'here are producers at work with as small 
a depth of fuel as 1" and others with as big a depth as over 14' 0" ; thus no definite 
rule for a required fuel depth can be laid down other than that, for small-grained 
fuel, less depth is required than for large sizes of 4uel. 

It should further be borne in mind that for fuels of even grading which break 
up upon heating a greater fuel dej)th is required, as if dealing with a fuel of uneven 
grading. 

A most important factor when dealing with unevenly graded fuels is the even- 
ness of distribution of the various sized parts of the same ; hence the fuel bed depth 
may be modified in accordance with the degree of perfection of the fuel distribution. 
Furtlier, since the unevenness of fuel distribution is generally less pronounced on 
a small producer, the gasification rate may be taken higlier on small units. 

It will be obvious that as the grading often determines the best depth of fuel 
to be used, thus for the same rate of gasification it indirectly determines the pressure 
loss in the fiuil bed.^ 

Apa]t from the indirect effect of the grading upon the gasification rate just 
mentioned, the grading* has also a direct effect in so far as the larger the quantity 
of fine pArtiefes of fuel to be gasified the lower will be the efficient gasification rate, 
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flue to tlie ])lowiTig uway of tiiese finer ])arliele,s. This will be obvious from Table 
17, vvliic'h ^ives eom])arative gasification rates. 

ff 

T»\r>LE 17 

j ( MMI |K'r llDlll. 



l<'ei(*I . 01(1 ( Jitiilmir. 


1 

1 « 




[)(‘l .S(j. Il 

Kl'' ]M-1 S(j 


Wdishe'd nuts. J " to 

g" 

1 

'JO 

IJO 

. 

llough slae'k, 1 

dow nvvar’ds 

1 

1 

[ 

Ihtnminoiis 

with IM) p(*r cent 

through 1" 

OO ; 

loo 

coal 

Kough slack, 

elow nw an Is 




witl) 50 ]H r ce'iit 

through I" 


S7 

C(d<e* nuts, 1 



.‘>0 

: • 

('oke ballast, oO pe*r ce'nt throimh \" 

15 

7J 


(/>) Adlarc '/./be/, as caking jiropcrty. of irt'c burning, 

sw'(*lling, etc. 

(.’cftain bids s(HMn to (h'sirc to b<‘ c(>nvert(Hl into g.i.N. so ca>\' is it to gasify 

•them, as for instance some I)('rb\shire and South SlalVonSliire latniinnoiis IneK. or 

% 

main lignit(‘s, Otlnu's alw.ns r<*(jmr‘(‘ a laryc' aiiKMinr of atleniion and c.irt', il a 
good gasiticaf ion iat(' is to la* obt<dnc<l, such as. tor i list a in e. sonic* ol t he* bil iiininons 
coals from l)iirhani or Wah's.* 

A bc*tl(*r ]‘at(* of gasitn <itioo will be* obtaine'el with a >lig}ill\ e'aking coal than 
with an absolute^iv non-e‘aking one*. e‘s|M‘e^]ally il the* lin*! is oi a elus 1 \ natui'e*. e>r 
te'iids to dismte‘grat e on ln‘<iting lint il a elistmetK (.ikiiiy coal is to be* iise-d I'.e* 
gasilication rate will tall conude'i’ab!\ in s]»ile‘ of all tin* alte*ntioi! flial can be 
gi\'en to ]eok'ing. and if a r<‘a-'Oifa bli* gasification ran* is to be maintained with 
a caking coal if will. gene'rall\ s|)e*akiiig, be found an advantai.’*' to use me'edianie-- 
alh' stiired ])ioduce*rs. Tlie e-aiise ed tins eiroj) in gasilie-al ie>!i rate wln*n using 
stT’ongly caking coak is maijii\ tin* iincve‘ime*ss in the lesniain-e* of the* lin*! beel. 
came'd b\’ tin* lue*l caking info larii** lumps ainl ba-ming " bridges ot e-oke* whiedi 
tend to hang up the fiie'l bed. with lie* coiiscm pue'iit formation ol \oiels in it 

The* onl\' me'an-' (apart from actual gasilication) that the* giis prodine'r- c'ligme'er 
bas for judging tin* conniaiMtive* im oj*crtie*s ol the* hn*! m le.^pce-t to the* de*viec of 
•fr(*<‘ burning, 1 he* caking, and thehweiini'j ju'opcrl.e*' are the reaigli guide's obtaiiie'd in 
the labor.itorN. e'.^peciall v t he* be*iia \ leair of the fiU'l wht*n he*ate>d m the* ojii'ii flame*. 

The nature* ed the iue*l .ivailable* lor gasification aite*rs with (e/) the* coimn’y ol 
i»rigm, (h) the* district, and (c) the various coal se*ams. Hut a ,ge'ne*ra I •ide'a ol what 
may be aiitiea]iat(‘el will be* obtaine'd from T;ibh* IS, which gi\e*s comparative* iiguies 
tor gasifying various fue-ls from dificrent counlri<‘s and disti’iyts. d’his table assiim(*s 
static j)roeluce*rs jn operatjon using a reasonable* amount ol hand ])oking : 
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TAiaj-: IS 

! ( U.itt* (»1 J)f\ j-'licl |)(‘i )>i>llt. 



IJ)S ,S((. tt. 

1 K;/ ,.s(|. ill. 

Soiitli St.atl’ordshire nuts ; 

dt; 

Ido 

1 )erhvshiri' or South Vorkshin* nuts ; 


' 1 It; 

J)urham nuts • 1 

1 1 

(;s 

Lanarkshin* nuts . | 

L>1 

1 Jii; 

\\ ah‘s. (‘akiiiy hituminoiiv nuts ; 

1 1 

' os 

Wales, anthraciU* nuts 

dti 

07 

TemiNvlvania, 1 ’.S.A. c<ikiny nuts 

Id- 15 

; 7d 

Ant hracik*, T.S.A. ^ . i 

S-H) 

j 1 

Jaamte. I’.S. \. (do pt’r ('enl imustun*) 

dti 

1 15 

\\’('st phaha. tlermanv. cakimr nuts | 

IS 

S7 

Silesia sliydillv cakine nuts 

dl 

110 

[down coal hnfpK'ttes, ti'ermaii (.‘>(1 p(‘r cent , 
moi^tun*) 

dd 

115 

Italian liyiiil(' 

ds 

ido 

Sold h Airican m'li-c.d-, diy nuts 

dl 

1 10 

P. (t 1 lit pel cent niiasi iiic) 

do 

07 

Wood h!o< lc,s (,‘)d pc? cent montuh*) 

d)5 

170 


j| Will )i(* hnw low art' tin* iMMliwal i<»ii rates usual iii \u)eri('ati praet 

(‘Veil loi atil liracit It i.s ol {'ouis(‘ w<.*l known that most Vmenean hit uniinous 
coals ah’ hadlx (akii'i^;. Imt in addition Ike asli in Auiencan luels LananalK' lias a 
low pom:. The r.ites ^ta(('d are, lioweva'r, I hos«‘ which an* used li\' som<* eas 

prodiic<*i hu ideis in ( ' S. \. 

(cj Moishni' (\ni(('nl (if /k/(7, - 'Phe (‘ITect ol 1 h(‘ m(»ist iirt* content is oi coursi* 
oiily to ))c considered lor the \ouu_irei luels, siicli as lii.!;nite, lirown coal, jx'al, wood, 
and othc!' sut»s'iinc<'s ol vee(‘i:d»ie oriLun. 

A^wlll la* seen Iroiii jip. IS and T'k w li<‘n dealiim w il h moist luep. (w Inch we may 
term as lui’Is containme more tinin. say. Id per <'ent ol tnoisturi*) it is essential, 
Irom the point o! view ol the best results m rei^nihl to ynis (pialilv and llu*rnial 
^'llii'icncv, to utilize I hi* si’tisible li<*al of the hot. ynises yu'iierated in the lower part 
to dri\e (»|T tin* moistiin* Irom the fuel in tin' upper ki\'ers previous to its ]iassini; 
into the Lot zones. TIk’ onlv wav to successlullv elh‘ct this is te piovuh* a hiyeer 
fiU'l depth, wliK h conseijiieiit l\' mcp'ases tin* resistanci* of tin* fu(*l hed to tin* pa^saei* 
of the ^ases. ' Kurtker, siiue the moisturt* (‘ontent increases tin* volume ol the eas(*.s 
passing tliroueh the producer, a furtli(*r additional resistanci* will he si’t iij) on this 
account. ^ , 

It may b(* tak ii as an ajiproximale euiik^ that the easillcation rati* will alter 
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invorsolv with the loldi voJuiiie (reduood to K.T.ih) ])er too of dry fuel gasified of 
t}i(‘ enide <^as and moisture leavinj^ IIh* generator. 

(d) A,sli (\nUc)}( of Fiici. Except, in a lew ^as ^eiuu'ators, \\J)i(‘]i work u])on 
tlie ])rinei{)](‘ of transformintr the ashes of the fiu'I into a li(juid sly^ (])|). 18 ), 

the chief aim oj th(^ ttas producer en'^fn<*er is to j>rev(mt undue cimlou' formation 
trom the ash. The (-aiise oi clird^er formation is that tlu' ashes are hroui^Jit into 
contact with sikT hot zones in tin* ^(xierator that th(‘v an' converled into a more 
or h*ss plastic or li(pud s1a^^ and attcrwards come into contact will* th(‘ c‘old hlast- 
wliich causes t I kuu to solidify to clink(‘r : sometimes the aslu^s may e\en form a, 
sla^ witli th(‘ sides of tlu' hrick-linini^ and adlKUH" to this. (Tnkerma\' cause hiid^in^ 
and formation ol liollow s])ac(*s in tlu' tuel l)(‘d and thus ath^ct- the i,MsirK‘atiou rate, 
siiKM' it * 7-(‘duc(‘s the u^asilication area and ('anses unevim 7'(‘sistance if it is not 
continuously })roken away hs' tlu' |)olv(‘r and r(‘mf>\(‘d ij-oni tin' ^(Uierator. 

'Jdie j)r(‘st‘nc(' of a certain proportion of irmi oxides, linit\ ma^rn'sia, and alkalies 
]ow(‘7‘s the fusiny point of tin' ash, not la'cause these cf)m])oun{k ar‘e fiisihln in tln'in- 
s(‘l.\'(‘s. hut hc(MUS(' they unil(‘ with tin' sili<‘a a7nl alumina in tin' ash to torm tusihk' 
compounds. 

In tin' case w ln'7‘e fuels ol dith'r-r'nt (pialitn's of ash ar‘(' mixa'd lo^etjier and 
subjected to i^asiticat ion. v('ry nr<‘at ditlicultii's on account of clink('7' formation 
hav(‘ now and tln'ii arisen. The r(‘a.so7i for this may he altrihuted to tin* (act that 
th(‘ OIK' fuel i:asili(*sat a (juickaT rate than tin' other, arnl thus the ash from tin' former 
‘iv (h'])osited III the hot' zorn's ol the lattj r. 

A^ain wlmic, diu' to 7ieulect on tin* opi'rator's paj1, the ash le\ i*! i^‘ allowed to 
ris(' Mid the fuel lexa’l hr'ouylit dowm urn'venly so that hot lunl may exist Ix'low ash 
alr('ad\' loianed, tin' most, serious ol all clinker Jormalioris will taka* ]ilac('. 'with ihe 
(‘ons(‘(jin'nt. ix'sult that had itas is made, until tin' <.rasilicat ion iat(' is decn'a^cd. tin* 
(Tinker 7 ‘i'mo\a‘d. and tin* hn'l In'd rnaih' al*l e\(‘n ai^ain. 

As a y('in*ral ruh* tin* (hnk(*r shou]<l lx* r-<‘moved hy tin' poio*r‘ or slier har as 
it is ioniK'd : hut o7i tin* othf'r hand too much pokiny^ or hix'akiny up ol tin* lit** in 
tin' hot zorn'S o\ tin' rcfn'i'ator 7mT\ cause ('ven mor-e dilliciiltc (U' (‘\c(*ssi\<' chtikei* 
foi’ination than if the ash is permitted to stay without upsetting (tr stirrinir, in tin' 
zone w In'n' it Ix'Ionys, viz. near the yr'atc*. 

Tin' aho\e a7'e only a h*w' examjih's Irmn actual practici*. showini^ how ash 
fusinr and cons('(pn'nt (‘linka'r format ion will ahect the ra.silicat ion 7'at('. 

With tin' object of minimising clinka*r J'ormation in the generator tln'ra* are 
three* main jioints to consider. (1) to adjust tin* hottest zone* so that it do<'s not 
exist (*.\<n‘tly w In'i'e all the fuel is turrn'd into ash. or (2) to adjust tin* (plant ity of 
‘st('am in 7vlatiori to tin* (piantity of air blast so that the t(*mp(*raturt* ol the hot 
zoiK' is caus(*d to lx* below that ol tin* nn'lling or softening t('mp(‘i-ature of the ash, 
07' ()>) to r('duce tin* gasification 7-a1(‘ of tin* g(*nerator, which brii'gs about tin* same 
ultimate* result as (’J). , • 

J)V slow gasiti(‘at ion ol tin* fu(*l (not gasification rate') it is possible to achn'.ve 
the object of it(*m (1) alxivi*, but so little W'ork lias Ix'e'n accpnijilisln d pi this r-espect 
that this line of l•(^s('arch is not ye't sutliciently advanced to lay down any rides. 
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As regards item ('2) it is obvious tliai: il tho ojxTator lias a, frro liaiid in rej^ard 
to tho ^nis qiialit y to ho niado (that is tho ooritoni of hydro^uai in tho ^nis) it is always 
possihlo for lihn to roduoo tho clinkcT formation, hut if too tmioli steam is hitro- 
(luood thoro are tho tw(» disad vatitayn's to oonsider, (n) that the ooal may not ])0 
oomplotoly huritt (os|)<‘oially with J(n\ fuel •<lt‘(.ths), and (/>) that the Ih'sI thermal 
ollioioney may not he ohtalm^d. Oiu^ specific advantage obtained l)v the intro- 
(luetioti ol steatn is that the clinker hocomos»niore sjnuigv and soJt. and thus easier 
to romov(‘, than vithout stream or with tie* aildition of onh' a small steam (plantil\^ 

As regards item (:f) this is^the milv way out of the difli(adt\ in case a dehnito 
gas composition is roipiin'd, and eAcessiv(‘ clinker formation cannot he (‘oiinter- 
halanced by the manner of operation mentioned mid(M-item (2). 

No work has y(‘f lieen flone to d«‘t(‘rmiiie the gasdication rati' ol liu'ls containing 
the sanii' asii hut m dith'rent (pianlities, Ix'causi' it is hardly possihh' to obtain 
such (‘onditions lor resi'arch in practici*, and in tho ahsi'nci' ol woik of this kind 
W'o cannot lav down^, ruh' tvln'reliv th(‘ gasification rat(‘ may he sairl t(t he (h'pondi'iit 
upon the (piantitv ol ash m tlu' liK'l. 

In all tlir('(' casi's, however, it is obvious that tin* main governing laetor i,s that, 
of th(' fusing teniperatun' of the ash. and as will he sei'ii from the stati'inents in this 
respect (pp. 117-127) v('ry much ri'scaindi work ri'inaiiH to he ilone. 


Ml. KffI'XT of JhionrcFi: Dfsiox 

0 

Jh'l( n'lice must here he niadi* O) ('haj»t<*r I\ .. on gi'ni'rator tvqs's and di'signs, 
Iroin w'hii'h it will he set'ii t hat M*ry mu<-h higlu'r g<isitieation rates ha\ e hi'on ohtfiirii'd 
in aidual pioitice than thoM* lormi'rly relmred to: fhus lor comph'te nu'chanical 
])roducers it is not impossihh' to obtain a o(I per cetit or even higlu'r inco'asi' in th(‘ 
gasification rail's of some ol the Iik'Is alreadv mi'iitioned. 

t^uite apai't Iroiii thesi' direcrly obvious mt'ans ol increasing tIk' rat(' of gasilii'a- 
t Ion. t hen' are .such jioints that tin' raleol gasilication will .dferwilh tin' sizi' ol tho 
geiK'rator and ('specially with the fiK'l depth. * 


III. Lo\i> Kac’I'iu: 

\s iiK'nlioiK'd elsi'vv h('re, gas produci*rs can h(' di'sigiu'd so as to ri'sjxmd (prickly 
to ovi'rload by proMiling a (h‘('p fm'l h(‘d. 

rh(' ligures ol hoiiily gas prodmdion givam m the lal)l(' on lollowing ])ag(' 
wen' taken from such a. gas {irodncer burning a bituminous sla(*k coal.’ 

As the normal rating ol this producer was 2t) !(► 22 lbs. ol coal p('r sijiian' foot’ 
and hour, it will hi* realizi'd that tlu' ma.\imum load was h><) ]K'r ci'nt ahovt' tlie 
normal. <ind that during sev(*M hours continuously tin' produci'r carrii'd ovi'r lOtf 
per cent o\ ('rload. /riu' thermal gasilication ellicii'iicv was, howi'ver, (h'creasi'd at 
the higlu'r loads, since jh(‘ loss due to Iik'I lifti'd awav hv the gas current at KK) jier 
cent overloa(N>e(*aiue ciyisiderahle, it h(*ing sever.il [ler C(‘nt on tin* fiK'l gasilii'd. 

^ tiiisli, ^\ rsl. of iScotl.rifl lorn aiiU .'stoi'l Inst., Sr-,-.ioii 1 1)22- 1 UJ.a. 
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'I'lmc. 

1 ( 'iil> tt. < t>s pri hoin 

; .0 X T 1* 

i 

Ll»s. of ( ’oal LSi^'ilicf I 

S(|. 1l .01(1 liolll. 

\'I niidnigliT 

1 

‘JS.OOO 

17-2 

1 A.M. 

* SSJOO 

Ib'b 

o 

SS. 100 

Ib-b 

,, 

flKbtiO 

10*11 

1 .. 

ioo.:’)0o 

10*1! 

b 

loo.:ioo 

. I0*l> 

ti 

IdLkTOO 

1 -b 

7 

117.000 

•Jb-.s 

s 

1 IbS.iMKI 

l!7-S 

d 

i^b:kOoo 

1 i*b 

10 


Oh-d 

1 1 



' l^tWk'JOtl 

Kl-S 

1 '2 noon 

27b.:)Oti 

hs-d 

1 I'.M. 

'Jb:k;>0(i 

1 1*1 

o 

ddiidioo 

:;o*d 

') 

•JbttOt 10 

1 1*0 

1 .. 

' lsr>..s(Mi 

:id*b 

b 

Kil.tM Ml 

" 'ds-s 

0 

: I7l.:)0o 

:;(i-l 

i 

i 7b.d(M) 

i:i-d 

s 

(id, 000 

10-0 

0 

* 1 bt M 1 

1 hi 

10 .. 

lL'S.,0Ml 

dd-b 

1 1 .. 

00, Ot Ml 

17-0 


Till* .‘iliox c is oul\ R 1 \ uNT^niiilc ol I Ji<* (Mpacit \ oj a deep hi* I hed piodiKM'j' 

loj' (piiekly re.spondiiiir to o\ ('rloiul'-', Tlie lor this pr(»p(‘ri\ ol iIk* dei^p hirj 

bed is !iot oiih’ I lie i.nyrr ha*] A’oliune Ashieli jmIs as a heal '-lorai^e, bid aUo tlx* 
iai‘ii;(‘ 1 line I a el or w !i leh (mh Ik* pn'siMil ed lor t li(\eas hmi I ioii.-> e\ (Mi diimiii; o \ (M load 
p(‘]'iods. \\ lial aiMiiidU' lakes ])lae<‘ is ibal tiie dejilli (»l the ('(), and sHmiii de- 
coinposit ion zones ]i<i\(‘ Immmi eiV(Mi room lor expansion " witliont. alTeijjne |o anv 
(‘onsid(M’ab](‘ (b'^ns' the TtMii jxM-at un* (exist inu in tin' iijipiM- and lowin' lauM’s of the 
iu<d b(xk 


SUMM M:^ 

It will base beiMi obvious Irom lln‘ abo\(‘ (hat tin* econonneal irasilieat :on ra((‘ 
is (h‘p<Mid(Mit n])on so many laetors lhal tin* most ean*ful iudy(Mn/‘n1 mud be (exerted 
wdn'ti ({(‘((‘iinimne llie rat(‘ that mav Ik* (‘xp(*eted Irom a e(*rtain lin*l w ht'n ns(*d in 
a certain yi'in'rator. 

I’lie eurv(‘s shown in tij^s. 11 and \‘2 are drawn with tin* obj(*et of facilitating 
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Gasification in Tons per Z4 Hours 
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Diameter in Metres 



Diameter of Producer, in Feet 


J-'ic. Kkl\ti(»\ rktwi.i.n ( i \sifr' vtjon a.\[> ok .Vmai.i- (;!\s I‘j:oj)it;k|.s 

in lbs. ]ier sfjsnirc fnnl per linur, wLilc (lio otii.'r set 12) refers. to iliiiineters 
[)etweoii 5 Rnd \2 feoj. 
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{li) TllElJMAL (iASIFK'ATJOX LOSSES' 

()n(‘ ol^tlie ways of roni paring the maiomy of a ])]aiit or Jiiaehiiie is to slate 
its enieietK'V, whereby we deline tlie rati(» ])elweeti what \\e supply to the plant 
or machine aiulXvJiat we receive* from it. Similarly we speak about the tluTinal 
elhcieuicy of a i^as proelucer ; but if we pi'nise tiu* various pajiers and in ve*<t ii^at ions 
in n^s^ard to deteuanimnif the i^as [)roducer elliciencv, it will ])e clear lliat concise 
detinition is s(*fdom made* as te) what is Jiieant tee 1 m* ine-lude-d under llu* lu'adiniX 
Na/7^//c.s (such as coa.1, pow'cr, yjiel st<*am), te> the* ])lant. eer lien'ipls from the plant 
(such as ^as, and in some ('ase*s tar alsee). 

Jl is obvioiislv e*ssentia! for tlie inelivielual iis<‘r eej preeeluce'r i^ues to know he>w 
mile'll fue*l is invohe'el in sup])lymy" (1) ijas tor the* W(»rks, (l^) ste'am ie)r the ^as ])rej- 
elue’e'r, anel (‘I) ste'am e)r ('le*ctric curre*nt leer the* au\iliar\' ]>lant of the ])re)due‘e*r. 
Against this lu'at e*\pendi1 lire* in fue*l must be se-t the* he-at e'ontaine*el m tin* iijas 
le‘avm*i the* plant aiiTi (in sued* e‘ase*s whe*re* tar oils are* preMlue-e*d from the* fut*l anel 
utiliz(‘d in the* weerks) also the* he‘at e*on(aine‘d m the tar re*e'ove‘re*el. 

Alt health siiedi knowde'dije is meest e*sse*ntial te) anv ineii\i<lnal we)rk,s. it wall 
Im* re‘alize*e| that te» elctermine* the orri-alJ etrie'ie*ne*y in tiiis wa\ will involve* varia})le* 
f<ie'lor^. siiedi as e*niede‘ne‘V eif sle'am anel ])owe‘r ii^e*ne*ratin,ir plants, and whe*the*r e»r 
no tar oils e-an be* made* use* e)l, e-te*. In other weirels. the ofyi-till the-iaiial e*ili('ie*ne'y 
e)f one* anel tin* same* pre)eluee*r mav alte*r (‘e)nsiele*rably. ele'p('nelinL» u])on the* 
partu'iilar we)fks in whi«di it is in'^talh’el. 

I'o (‘liable* ujas jirodiu'e'r pkints te) be* ceimpareel e)n an eejual basis, it is th(*re’lore* 
e'lrtoiiiarx anel alsei justilial-M* to spe*ak about tjie* fihuii (fas jn'adna’r ('Hirn'ncjf. 
bv whiedi is me*. tilt tin* ratu) be*twe‘<‘n the* aW raluc and ndanm <if M/l .l\ of 

(h(‘ (fas ft'oln’tl fu i and ay}(}h( of (In-otnlaijlh/ dnj f'f('l (last/icd tn lltc ftiodturi'. and 
Ifiv lai “ /i('alin(i udac (f if/o S(ttd and ara/hl (f llian'dicalhf dn/ Jacl. 

Sine'c the* ]ie*atm^ xaliie* and ce)nipositie)n eel the* dry substrine'e* I'l'inams unalte*reel 
feir e*.ich inelixidiial lue*l, whate*ver be* the* se-asein e)l tlie* v(*ar. it will be* leeiind ael- 
\ aiilai;e*ous to base all thermal e*tliede*ne-v liu[ure*s on the* elrv lu(*l, he*nee* the ivaseui 
lor aeloptm^^ the* dM). substane*e‘ as the* stanelard fiie'l we*i^dit in the* above* de*iinition. 

We* have* thus se*e‘n that. the*re‘ are* twe) main me'thoels in wliiedi we may de'line 
the* tlierimil (*nie'i(*ne-\' cd’ a (j;as preielue/er : but it shoulel lie emphasiz(*d he*re' that- 
unle'ss in the* leilleiw iiuz we speedlie'alh state* the* the*rmal e‘flicie*new' tei be* t he* eixer all, 
we* re'ler te) the plain ^as preielue-er e*lli(de'ne*y. 

ddu* main |)oiuts baxiiiit a. bearing upein the thermal e'diedeimy eir the* the*rnial 
le>sses elurini^ the ^asifie-ation pre)e'e*ss are* 

1. Moisture content in the fuel. 

2. Tar content in the fuel. 

3. Grading of fuel. 

' Tlic coiiti-rit (»f |)[i. 47 JO e\;i,s m ]>.ui Iho 1 ol a j)aj)or I't'aii ])y thr aiitliur Ix'lori' tlif' Society 
i)f Cliciiucal Jiidiistry, |)ul)Ji,sTi<‘(l -liirjc ,’50, 1021. 

" By Ihf' iM'f heahiiif eali*' is nic.'iiil the irross lieafiit'.; \aliie as (IclortiiiiM'd li\ ealni'iiiM'lor, It'ss Die 
latent lie.it ol the steam formed hv tnirniue; <(11 the* hydroireii in the fiit‘1. 



48 


MODERN GAS PRODUCERS 


4. Soot formation. 

5. Ash content of fuel. 

6. The radiation, convection, and conduction heat losses ^ from the 

producer proper to the surroundings. 

7. Gas leakage losses. 

8. Losses in washing liquors. 

9. Nitrogen and sulphur contfent in fuel. 

10. The temperature of and sensible heat contained in the hot gas 
leaving the producer. , 

In the following wc sliall not only sindy tlie causes for the individual lliernial 
losses, l.)ut also th(‘ir relative magnitude and bearing u])on the final result. 

I. Effect of MoisTimE Ooxtfnt in Eoel 

Most good-class bituminous fuels have such a U>w. moistyre c'ontent that the 
pva])oration of this amount, of moisture has vctv little effect u])on the thermal 
idliciency : but for siudi high-moisture fuel as wet. coke breeze^ and esjiecially 
vegetable materials such as wood or some ]H‘ats or lignite's, the nioisture c'ontent 
will have a very great effect. This may be dcmionst rated by the example of the 
nrasification of a. peat having a moist iin' content of 50 per cent and a net heating 
value of lOOO cals. ])er kg. (Tl^OO Ji.T.V. ])er lb.) of tht‘oreti(*ally dry substance. Eor 
^ach kg. of dry substance of such peat introduced into tlie* producer 1 kg. of water 
would have to be* (‘\'a[)oraled and heated to the gas outhd tc'inpcu’atiire ol, say, 150 (f 

•Sujiposing now the ])eat, instead of Ix'ing introduced in a wet state, wen' intro- 
rlucc'd ill a moisturc‘-fr('e state iftto a ])rodu(‘<'r, and the gas v(>lunie (at N.T.P.) be 
2-5 cub. m. ])er kg., and the a vei;a<Je sjiecific heat of tin' ga.s evolved be ajiproximately 

cal. ])er cub. m.. also that, the gas outlet temjK'rat ure be about. 500 (\, then the 
•sensible heat in or tin' thermal capacity of the gas from 1 kg. of dry peat between 
150 and 500 (\ would be 2*5 0'2> > (500- 150) 202 cals. 

Mow Avhen the 1 kg. of dry fw'l is ga.silied w'ith 1 kg. of water in addition, extra 
heat W’ill be required to raise' this wate'r from, say, 15 to 100' ('.. ('vaporaO' it, and 
su[)erheat the steam to the' gas outlet tempc'rature ol 150 This e.\tra heat is 
050 cals., wdiile the sensible heal in the hot gases from 1 kg. dry material is ojily 
202 cals., thus leaving a deficit of cals., which must be' su])]>lied by hiirninti part 
[)f the fuel itself (roughly 10 ])er cent) in the lower ])art of the producer, with a 
consequent reduction in the heating value of the gas and the tlu'Tmal efliciemy. 
If the fuel bed is not deej) (’iiough to enable the sensible lu'.at ol tlu' gas generated 
in the lowx'r part to be utilized for tlu^ evaporation of the moisture, the thermal 
loss will of course be still higher than the mentioned 10 per cent.’ 

It is obvious that b('fore being .d)le to estimate accurately the effect of evaporat- 
ing the moist.ur(' iqion the efli(*iency it would *be necessary to deti'rmine^the difference 
in the gas outlet temperatures when using a theoretically dry and a moist fuel. 

* U’fu' <'.\()th(‘rnial heat of (lustiltitum <»f ])eat and other liiel.s ol hi^li*oxy.iieii eoiitcail. (see ])]). 310 
and 4()2>*eanse less fuel t«. he luirnt lor ovaj)oralion of inoistiiie, Imt tiu'^niatfriitude oPlhe therniul loss 
r(‘niiiins unaltered. 
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S' • 

Such deteriniTiation luav he liable to considerable error ; it is therefore simpler 
bo assume that, the heat required for hea,tiTii( the moisture from, say, 15'' to 
100' C. aiK^ evaptu'atiiig it be taken as havdng to be supplit'd from t.he heating 
value of the dry fuel only, while the heat rcipiired for superheating the steam thus 
raised is assumed *to come from the sensible heat of the gas. Under this assumption 
the decrease in thermal elllciency obtainalde in practice due to moisture will always 
be slightly less [lian the figun^ estimated in this way. 


* Table 10 

Heat Loss doe to Moistoue in cek (’ent on Net Heatino Value 
OK Dhy Fuel 


J*(“r ('i'i)t. i 


\(’i 

Valu(‘ ol lln'orclic.illv dyv Kuel. 

Coiitc'Ut i 

s.nno 

T.non 

(>,000 


4,000 
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Uaw Ku(‘l. 

j 

U.UIO 

J2.(;no 

* m.soo 1 

o.nno j 

1 j 

7.2(.H) Ji.T.lJ./ll). 

— 

1 

! I 

- _ 

I 

1 1 
' — -- 
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10 

' 0-8() 

0-l)8 

1 Ml 

1':17 

1 

20 1 

1*05 

2-2:i i 

i 2-0 

:M2 ' 

5-9 

:30 

1 ;h55. . 

5*85 

A 17 

5* 50 

0-7 

10 

5-21 

5-95 

()-95 

8-55 

10-1 

50 

! 7-81 

8-9?> 

10-1 

12*5 

15-0 


1 


_ - 

i _ 

_* 

Tal)l<‘ 10 giv(‘s a serif's 

• • 

of figujTS for the h<‘ai. loss(‘s due 

to moisture content 

'ulatvd in thi 

s wav wimn 

gasifb'ing fin'ls of varying heating Aaliie a,nd different 


moisture content. Further, fig. LI contains a series of curves to show the same 
result gra])hically and to (‘liable any intermediate stagers to be easily determined. 


2. Ffkect ok Tab Content in Fi^el 


A lu(‘l for use in gas producers should gemnully be exa.mined in a special way 
bccaus(' the ordinary method of determining the volatile matter in bulk without 
distinguishing between th(‘ gas, liquor, and ta,r-forming constituents gives no guide 
to a ])rodncer gas user, (‘onsuniing cold gas. So far as concerns gas-making (cold 
gas) ])urely and simj)ly, the liipior and tar-making constituents in a find are of no 
use and the hc'at contaimal in either must be count(Ml as a loss. 

A method of analysis for determining the tar value of a fuel {i.e. that, (piantity 
of the coiuh’nsate which does not dissolve in the licpior of condensation) is referred 
to on ]). 4()U ; sutlice it to say here that. the quantity of tar olitained in jiractice on 
a. gas ])rodiicc^' is le*^s a,nd of higher specific gravity than that obtained by the 
laboratory test. A tar yield in jmictice of 80 ])cr cent of the laboratory yiidd is 
ouite a usual figure wh(‘i^‘ special steps have not. been taken to destroy the tar. 
The tar jiroduction may vary from jiractically nothing (when gasifying coke or 
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anthracit(‘) to 10 ])er (‘eiit or 15 per cent by weight when gasifying fuels high in 
tar-yieldiiig matter, wliile its lieating value, although always liiglier than that of the 



solid luel, generally docs not vary more than between 11,500 and* 10,000 B.T.U. 
npf, i»(‘r lb. drv tar. 
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As the heat loss due to tar formation is tfic product of tar (piaiitity and heating 
value, it is obvious that for fuels of low heating and high tar-vielding power this 
gasification^ loss ” may be of great magnitude. For most English bituminous 
coals, however, the heat loss due to tar rej)|;eseTits generally from 0 to 10 ])er cent 
of that of the dry coat. 

Jf no actual results of t/hc treatment of a jjarticular fuel in a certain gas ])roduc(^r 
are available apd the thermal loss caused by tar formation is to be yuedicted, it 
is best to assunu'- that the ])ractical tar yi(*ld will be like the tar value obtaijied in 
the laboratory, thereby (‘nsurir^f that the ])rediction of the thermal loss will be on 
the safe side. 

vis the heat loss due to tar formation will vary with the tar value and the 
heating value of the fuel, Table 20 and the curves (ui tig. M have been worked out 
to cover various conditions on the assum})tion that the heating value of the dry 
tar 1 5,200 H.T.U. net ])er dry lb. (8500 cals. -kg.). 


Taui^e 20 

IFkat Loss doe to Tak in j’EH (u:kt on Net TlEATiN(i Valee of Dry Fuel 


Tar \'alm‘. 


Net ll(Mtin;r Value of IheoretuMlIv <liy F 

lie! 

F('r fM'Ml 

8,T)00 

7,0110 

(i.OOO 

5.000 

4.000 Cals./kti. 

Tai’ III 

' >)('i.il(i' V 1\‘a. 

M.lOO 
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0.000 
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I 
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2 
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i 
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0-8 

8-5 

5 
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0-07 

7-08 
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() 

0-28 
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8-5* 

10-2 
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7 

7-11 

K, 

9-9 

11-9 

1 1-90 

8 

8-5 

9-72 

11-25 

12-0 

! 17-0 

0 

1 ‘)-5(i 

10-92 

12-75 

, 15-2 

* 19-12 

10 j 

]0'()2 

12-15 

M-2 

! 17-0 

i 21-25 

11 

11 -00 

12-25 

15-0 

1 18-7 

’ 22-1 

12 1 

12-75 

11-0 

17-0 

20-4 

i 25-5 

1 2 ! 

12-82 

15-8 

18-f 

22-1 

27-0 

14 i 

11-9 

17-0 

19-85 

22-8 

29-8 

15 

15-95 

18-2 

21-2 

25-5 

21 -‘9 
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2. Effect of Fuel (Itradino 

The evenuess or vacation in size of the fuel charged has a most important 
effe(‘t upon the gasification, because not only does the thermal loss — due to the 
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Per Qent.Tar 

Fhi. ]4.- -Kkkei’t ok Tak Content i pun Tiieemai. (jrAsiEi(’/^<riON L(wh. 

carrying away of dust — increase wiUi tlie percentage of* smalls in the fuel, but 
indireptly the grading will affect both the gas quality aiargasihcatiofi rate and thus 
also t he thermal loss. 
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Willi fuels coiitaiiiiD^ an excessive quaiititv of fines the dust loss may be serious 
unless preventive provision is made in the design. With the same grading of the 
fuel the Jo^i? is obviously a function of the gas velocity in the outlet pipe or u[)per 
fuel lavers. Since the dust-carrying (‘apaciW, of a gas alters witli the si.vtli jiower 
of the velocity, it is obvious (hat the b(‘st m(‘ans to {nevTut tJiermal loss on this 
account is to hav(‘ the crude gas as it leaves the producer as ('old as practicable ; 
indeed it is a well-known and established fact that there is very little dust carried 
away from low temperature gas producers. 

Another means of (iecreasing the thermal loss due to dust, although not so 
effective, is to ])rovide a large em[)tv spai'C above the fuel Ixal in which the dust 
may ])artially settle out instead of being carried aw’ay by the monumtiim, of (be 
gas curnmt. 

Jt should be borne in mind that, (‘crtain fuels (m j)articular some lignites) break 
up and crumble shoj'tly after introduction into the producer, so that- a larger dust 
loss will be obtained in practice than might be cx])(‘ct(‘d from (he grading test carrii'd 
out on th(‘ lu(‘l in its natural state. 

tltlier asjK'cts to be considenHl, quit(‘ apart from the gas producer process in 
itself, art' the losses such as may be incurred (due to ubid) by stimng a, slack fuel 
containing a large quantity of tine in the open or handling it in an unprote(‘ted 
fuel-con v(‘ying plant, (las jiroducer users might b(‘ well advisial to have th(‘ir 
fuel (handling) and stomije ])lant ]>rot(‘ct(‘d against atmospheric elTects. not only 
from tlu‘ point of view (►f dust loss, but also on ac(‘Ount of the moistun' added to 
tJie fuel on rainy days. ^ 

• • 

-1. Effect of Sjiot Formation 

Soot formation vari(‘s with the ty])C oL find us(‘d, but it is caused by the tarry 
matters evolved from the coal la'ing (.‘xposcal to such a high tenqieraturi^ inside the 
jiroducer that tlu'y are dec()mpos(.*d into gas and carbon (soot). Soot formation 
is ])ra(‘tically absent in some by-]U‘oduct. producers where the onl}' decomposition 
of tar which takes ])lace is into gas and oils of a higher boiling-jioint : but even 
with hot. gas ])fodiicers soot, formation can be r(‘duc(‘d considerably by feeding or 
distributing the fuel ev(‘nly over the to]) of the fuel lied, especially if the latter is 
not too shallow . 

The thermal loss due to dust and soot formation is one wdiich may vary from 
jiractically nothing to 7 |>er cent or more on the iveight of fuel supplied, and since 
the heating value of the dust and soot is mostly about the same as that of the luel 
gasified, tfie percentage weight 1 (kss ol* dust and soot w'ill directly represent the 
thermal loss 'in jief cent. Table 21 contains some dust and soot loss ligiires 
obtained in large scale practice. 
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Taisle 21 



Dust ant> Soot Loss 


# 

■■ ^ ■ ■ 

; p('i- ftsii. 
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25 
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2S 

! 
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■). Ein’ECT oE Ash 

Four factors, in connection vvitli the thermal losses of a j;as jiroducer duo 
to the ash removed from tlie jirodncer, are - • 

(ii) The eoiistil iieiits of th(“ ash in tlie fuel. 

(h) The quantity of ash in tlie fuel. 

, (c) 'Die amount of unhurnt fuel in the j)rodueer aSlies. 

((/) The sensihle heat contained in the hot producer a.shes. 

(n) Tlie matter of the composition of the ash in the, fuel and its fiisiluhty is 
referred to elsewhere (p. 1 17)'. buj in so far as the qtiantity of air and steam to lie 
added to tlie, jiroducer (on the one liand.for oxi<lizin« the ash conijjletely, and on 
the other hand for avoiding undue clinker formation) is governed by the ash con- 
stituents, in so far will these affect the thermal loss. 

(h) Obviously the (juautity of ash in the fuel affects the losses mentioned under 
(c) and (il). Since it is more dillfcult to maintain the carbon content m the ashes 
low the higher the ash content in the fuel, and since the heating value of the fuel 
decreases with the ash eontent. it is plain that the jiroiiortion of the heat lost in 
the ashes will be of the cumulative order in regard to the ash content in the fuel. 

(c) The quantity of dry jiroducer ash removed from the jiroducer is always 
larger than the quantity of ash in the fuel by the amount of unburnt fuel (practically 
aircarbon) remove.1 with the ash. AVith a given fuel this carbon content, is mainly 
dejiendent ujion the skill of the ojierator and the rate of gasibcation. With a given 
jirodueer (ajiart from human causes), the carbon content in the ashes increases 
not only if excessive clinker formation takes jilace, but also if clinker lormation is 
lessened bv adding steam to such an extent, that “ the air blast becomes too wet ” 

to jirojierly burn the fuel near the ash zone. • ' 

Since, ojierating conditions vary so considerably it is djflicult to lay down any 
definite and general rule about the amount of carbon that is jiernjissible in the 
producer ash. It must be stated, however, that for suitable, bituminous jiroducer 
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(‘oaLs containing np to 15 per cent asli, it sliould be possible ^Yith reasonable care 
on the operator’s part to maintain tin* carbon content in the ashes removed at 
about JO p(;r cent. With a fuel of a heating value of 11^,000 B.T.U. net per lb., the 
thermal loss that is thus incurred will be ]*‘j3 per cent with 10 ])er cent ash in the 
fuel and 10 ])er cent carbon in tJie ashes, while Avith 15 per cent ash in fuel and 10 
per ceiit carbon in the ashes it will be 2 ])er cent. In other words, the loss due to 
unburnt fuel in^the ash is not very excessive for most ])ituminous fuels, and we must 
therefore generally classify the ash loss under the heading of smaller thermal losses. 

Table 22 below gives the nesulls of a few calculations of luait losses in ash for 
various coriditioris ; it will be seen at a glance that it is a calculation involving 
four variables first involving the calculation of the weight of carbon lost in accordance 
with the following formula ; 


• • ' 100 -o’ 

AAhero X the carbon lost in per cent weight of fuel used, 

fi - ash content of the fuel, 
c- carbon content in the ash : 

and then the calculation of the ratio between heat contained in this carbon and that 
contained ifi the fuel. 


Table 22 

TIeai' ]a>ss due to (\aiiiu)n in Ashes • 
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of Fiu'l uiisih<‘(l. 

]){‘r (-(‘lit on 


jici "(‘tU. ; 
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1 1 

(;-7 

9-08 

Fuel 110 ])er cent ash 

15 I 

5-:i 

8-08 

9500 'l.T.U. lb. 

22 i 

8-1 
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5280 cals./J^g. 

• 30 

12-9 
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To enable a quick estimation of the heat loss due to unburnt carbon in the 
ashes fig. 15 has bctm prepared, the curves on which cover the conditions met with 
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in general practice. When using the.se curves the carbon content in the a.shes 
should be u.scd as the starting mark, then the ordinate sliould be followed to its 



intersection with the corresponding a.sh eontenl in fuel curve : from this point follow 
the abscissae until intersecting with heating value in the fuel curves .iind thence by 
the ordinate to the })er cent lieat loss. 
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(d) The sensible beat contained in the hot ashes leaving the producer varies 
with the ash content of tlie fuel, but is not of any consequence in a water-luted 
])rodu('er, l^ecaiise tlie lieat is utilized ])ractically completely to raise steam (by 
diffusion) aiul to ])reheat the air blast, but* even with a “dry bottom” jnoducer 
this heat loss is very small. Assumin^^ the temperatun' of the ashes leaving the 
])roducer to be 100 ’ (A and 400 ’ (A for wet and dry bottom producers respectively, 
and assumimi; ^hat 20 ]ier cent of the fuel is removed as ashes (s[). heat 0*2), then 
the total sensible heat (‘ontained in the ashes per of fuel will be 0 cals, and 21 
cals, respectively. With a licading value of fuel of (>700 cals, jx'r kjjj. these heat 
contents corrcsjiond to 0-0!) ])cr cent and (XIO per cent respcctivelv. 


0. Effect of Heat Kadiation, (A)nvectton, and ('ondcction 

• • 

Thermal losses caused bv radiation and convection, etc., can only be detnie<l 
as that amount of heat whi(‘h travchs from the incandescent fuel b(‘d inside the 
])ro(lucer through the brick-lining and ])asses from the outside of the stc(‘l casing 
of the })rotlucer into the atmosphere. Jladiation, etc., losses from hot gas ]>i])ing 
and other parts are accounted for later under the heading of losses due to sensible 
heat contained in hot gase,'^. 

it is not at all unusual to find many past investigators of the thermal balance* 
ot gas ]»roducers stating radiation, el,., losses of a very high order. It should here 
be stated, iiowever, that in mos+ ol these cases the omnibus item termed ” radiation, 
convection, etc., ’ was made responsible for leakagtts, unknown losses, and the 
avoidable and unavoidable errors of (‘.vp(Timcnt, and for this r(‘ason all such figures 
should be accepted \\ith caution, if a true idea as to the magnitude of the actual 
radiation and convection losses is desired. As a matter of fact the radiation, con- 
vection, and conduction losses from a producer, which of course vary with the atmo- 
spheric conditions, are generallv of the order of to 2 per cent of the heat of the 
fuel gasilied. 

Jt is obvious that if the skin tem])crature of the producer casing is determined, 
one is then able to judge the a,|)}>roximatc order of the heat given oil' to the surround- 
ings under average atmospherics conditions. On fig. lb dimensioncTl diagrams of 
three gas generators of various ty])cs are shown, each of which contains the skin 
temperatures at various heights such as have beem measured under act ual working 
conditions. This informat ion enables us to calculate, on the basis of the work of 
iStephan and ilolzmann, the radiation and convection losses that should take place 
with, say, a surrounding atmospheric teinperature of IS"" C. 

Stephan and Bolzmann’s formula ifj 

where L^Jjosg due to aif convection currents and radiation in cals./sq. m. exposed 
surface t.nd hour. 
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T^, and = The absolute temperature in ° C. of producer casing and surround- 
ing air respectively. 

tj, and =^Tlie actual temperature in " C. of producer casing anji surround- 
ing air res])ectiYely. 

N = Kadiation factor ^ 2-8 for steel plates. 

M -- Convection factor = 3-5 for average atmospheric conditions. 

Table 23 gives a summary of the calculated radiation and convection losses of 
the j)roduccrs shown in fig. Ki, for 15'^ C. atmosphere temperature. 

Table 23 


Radiation and Convection Losses 


IVodiicor Typo. 

A 1 


c. 

Exposed area, s(j. m. . 

37 

4()*r) 

80-5 

Apjjroximate mean skin temperature C. 

93 

97 

80 

Calculated radiation and convection 



% 

losses in cals, per sq. m. and hour = L 

1,()5(; 

1,123 

835 

Total heat loss cals./hour 

39,070 

52,220 

07,217 

»Coal gasihed per liour kg. 

300 1 

i* ‘ LOGO 

800 

Radiation loss in per cent on heat in coal 




gasihed (net heating value about (>700 




* ■ • 

1-91 ! 

0*78 

L25 

. , _ 









(A) (B> (C> 

• • 


Fits. If). — C as Fkoduckh Casikus saowmit iSkin Temckkatukis. 
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From an examination of Table 23 it will be realized that although the radiation 
losses are of a reasonably small order, yet they difler with tlie size of producer in 
so far as tlu^area exy)oscd for radiation per unit of coal gasified is larger the smaller 
the diameter of the gas producer. Further,* f^ince the producer skin temperatures 
within limits do not alter considerably with the raf-e of gasification, it is also obvious 
that the radiation loss in per cent on fuel ^gasified increases inversely with the 
rate of gasification. 

Before leaving the subject of heat, losses to the surroundings, it would be as 
well to mention in the case of gfts ])roducers, where a. w'ater jackc't is ])rovided (say 
for tin' purpose of preventing clinker growth on the brick-lining), that the heat 
removed by the water may be larg(* : in fact the author (*an point to eases, wdiere 
the hot jacket water from a producer contained 8*5 ])er cent of the heat in the fuel 
gasified. Although it is possible to maintain this heat loss lower, yet unless means 
are ])rovided to recover the lieat in the jacket water, the thermal loss that may be 
incurred on this score is (»f considerable magnitude and should be taken due care 
of in a thermal balance calculation. 


7. Ekfk(t of (Jas Leakages 

Ijosscs due to leakages may be subdivided into — 

((/) Periodical loss due to poking and cleaning. 

(/)} (k)ntinnous loss due to leaky joints. 

Tlie amount of gas lost in these tw’o w'ays varies with the gas pressure existing in 
the ])lant. , 

As an instance of how the pressure i^fTcct-s the ’leakage loss, the gas volumes 
at X.T.P. from a 2" diaui. ojiening have been calculated for a jnoducer gas having 
a tem])erature of 500 ' (!. and found to be 3000 cubic feet yjcr hour for a gas j)ressure 
of 2" and 10,000 cubic feet ])er hour for a gas pressure of 20". 

(a) Jt was not uncommon on the earlier designs of pressure gas ])lants to find 
gas ju’essurcs leaving the generator of 10" to 15", but for average ])ressure yiroducer 
])ractice of to-day it. must b(‘ said that about 2" to 4" is an ordinary pressure, never- 
theless with sofiie coals tin* producer men are often required to poke the tire for at 
least on(‘-tenth of the working time, not to speak of the periods when dust collectors 
and gas mains are blown out and ])oked clean. In such cases it is not uncommon 
to find the thermal loss due to gas lost by joking and cleaning ()’5 j)er cent of the 
fuel gasified. 

(/d Leaky joints such as are cuused by faulty manufacture, erection, or vibration 
(due to wand, machinery, etc.) exist on the best jilants. Even on such carefully 
laid })ij)e lines as for town gas su|)ply it has been jiroved that leakages may be more 
than 1 per cent of th^ gas supjilied. Of course, the loss w'ill depend on the surface 
of the plant e\j)oscd, and* is obviously largest on cold gas jiroducer plants, and is> the 
larger the cleaner the gas. • 

It is obvious that the plant which works with the low^est possible pressure 
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(lifFerence between tlic gas and the atinospliere will have the smallest leakage loss ; 
thus if the whole plant were under suction this loss would disappear. It is very 
difficult to make a general statement as to the quantity of gas lost Jjy leakages, 
but there arc f(‘w jjressure plants on which these losses under average working 
conditions are less than 0-5 per cejit for hot gas producers and 1 ])er cent on cold 
gas ])roducers. 

8. Effi^ct of (Ias Elfanin(} and Cooltnu 

The losses on this account may be divided iuK) two sub-headings, viz. (u) sub- 
stanc(\s jiieciianically carried away by, and {b) matters dissolved in, the washing licpiid. 

{(t) An appreciable quantity of gas is carried away mechanically with the 
washing ii(piors, leaving the cooling, cleaning, and other plant or gas treating 
machinery thus escaping to the atmos[)her(‘. The existence of this loss can be 
observed on any gas-washing ])lant by watching the behaviour of the washing 
liquid leaving a tower. Jf an inverted })ottle filled with water is placed below the 
water level and close to the water outlet pi])e from the waslier, gas will soon rise 
in the bottle, replacing the liquid. From a test made by the author on one of the 
early tyj)es of combined air saturator and gas cooler on a Lymn ]dant (by cstiiuating 
the CX)o content in the air entering and leaying), the gas loss due to this cause was 
found to be over 0-5 per cent. 

(b) All gases dissolve in water, and also some of 'the tar oil compounds are 
‘soluble, ])articularly the tar acids or j>henols. The loss o(*(‘urring in this res])ect, 
as far as the gaseous substances arc concerned, is not very larg(‘ and cannot be 
avoided ; and by carefully controlling the waste liquors of the ])hint and the cooling 
water system, the jdienols, etc., <*an be retained in the plant as a by-])roduct. 

Summarizing t he matter ‘of tlie tli^Tuial losses due to gas or liquors (‘arried 
away by the washing liquids, even with a well-designed jdant, this should not be 
considered less than 1 jier cent of the heating value of the fuel treated. 

9. Effect of Eofcmation of Ammonia and 8clpiidrettkd JIydrocen 

The gas-forming constituents of a fuel other tiian carbon, hydrogen, and oxygen 
that may occur to any considerable extent are nitrogen and sulphur. These will 
be ])rcsent- in the gas in the shape of the hydrides, ammonia and hydrogen sul]diide, 
which Mali contain some of the potential heat of the fuel. Jf these gases are removed 
from the jiroducer gas, say, in a by-])roduct recovery j)lant, obviously a heat loss 
will take place which increases with the content of the nitrogen or sulphur and 
decreases the higher the heating value of the fuel. 

Jn a by-]ir()duct recovery gas producer the average yield of nitrogen as 
ammonia may be taken as 60 f)er cent, and the yield of sulphur as sulphuretted 
hydrogen as 80 [)er cent, and since the net heating value of NUg -32«18 cals./cub. m. 
and cals./cub. m., the heat loss due to 

CJoinpletc removal of NJIg will be 31 cals, per kg. fuel containing 1 per cent nitrogen. 

,, ,, II 2 ^ 32 „ „ ,, 1 „ sulphur. 
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10. Effect of Gar Outlet Temperature and Sensible Heat’ Loss 

On inosf producers the heat contained in the hot gas is the source of the largest 
thermal loss, as it may amount to as much as 25 })er cent of the heat of the fuel, 
and on most of the existing gas producer plants averages about 15 per cent under 
good working conditions. • 

The hot crude gas as it leaves the generator not only contains the gaseous 
coustituents sucli as we determi^ie by an ordinary gas analysis, hut also moisture, 
tar, (lust, and soot. The sensible lieat contained in the latter three items is generally 
very insignilicant in (*om])arison with that in the gas and the moisture, wliile the 
heat loss due to the content of combustible matter in these products has’ been 
previously dealt with under tluhr res])ectivc sub-headings. 

The juoisture content in the gas originates from tliree soiircc^s ; (r/) undecom])osed 
steam from the steaj^i in tlft* air Idast, (5) moisture in fuel, and (c) water of dc- 
comj)osition of fuel. 

((f) The amount of undecomposed steam remaining in the hot crude gas leaving 
the ])roducer depends u])on many factors, such as depth of fuel bed, load factor, 
aTid (piantity of steam introduced into the prodimer with the air blast. This 
quantity may vary from less than ()•! lb. p(T lb. of coal to nearly 2 lbs. per lb. of 
coal gasified (see p]). 51-55)^ 

Erom tlui ])oint of vdew of the thermal efficiency of the gas j)roducer only (quite . 
apart Irom the lieat required to raise steam), it is obvious that the more utide(‘om])osed 
steam fhat remains in the crude gas the larger will be the thermal loss due to 4110 
sensilile heat of such undecom])osed st('am, which lea\Vs at the same temjierature 
as the gas. This rule holds good in sjule of the fad. that the gas tem])erature will 
generally h(‘ lower, the higln'r the percentage of undcvomjiosed steam. 

(If) and ((') The moisture content in the hot gas due to moisture in fuel and 
water of decomjKisition can be judged from the laboratory e.xamination of the fuel, it 
being practically certain that none of such “ moisture " in the fuel will be decTnnjiosed 
f)y the reaction with the carbon in an u])-draught type of gas jiroducer. 

Tlie latent heat of tlie steam introdiu’ed with the air blast into the jirodueer, 
and of the moisture content of tlie find, are best accounted for sej‘arately, so that 
under the jircscmt heading we need only concern ourselves with the sensible heat 
in the water vapour contaiiu'd in the hot. gas leaving the jiroducer. So far as the 
sensible heat contained in the hot gas itself is concerned, this is easily calculated 
when the temperature, the analysis of the gas, and hence its spe(*ifi(‘ heat are given. 
In Table 2J are stated the mean specifi(^ heats, at constant pressure, for various 
gases per unit volume at N.T.1\ This table, which represents a summary of not 
only Messrs. Holborn and Henning's wejl-known work but also the results obtained 
by later workers, seewis to be the most reliable yet ])ublished.^ 


^ Neumann, Z /. a . C ., May 13, 1913. 
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Taule 24 

Mean Specific Heat at Constant Pressure per cub. m. Gas at 
N.T.P. l^ETWEEN (p and T"" C. 


uro 

ryo 

‘Neumann. 

Lan^en. 

ri)., and Hi), 

H.O 

ih.N,.H,. 
Air ami CO 

('aleulated CH, 

0 

0-397 

0-372 

0-312 

-341 

100 

0-410 

0-373 

0-314 


200 

0-420 

0-375 

0-310 

•410 

300 

0-442 

0-370 

0-318 , 


400 

0-450 

0-378 

0-320 

-170 

500 

0-407 

0-380 

0-322 


600 

0-477 

0-383 

0-324 

•542 

700 

0-187 

0-385 

0-320 


800 1 

0-497 

0-389 

0-328 

•008 

000 

0-505 

0-394 

0-330 


1000 

0-511 

0-398 

0-3*32 

•(>74 



_ _ 








* Oil tho basis of Table 24 the curves in fig. 17 have been worked out, thus 
enabling the total sensible 1*1 eat thermal capacity) ])er mb. in. (hi.T.P.) of ('ach of 
the various gases to be read o'ff directly, against the temfierature. To sim])lify the 
matter of calculating the sensible heat Joss still further, the set of curves in tig. IS 
has been ])re])ared, by the aid of which, for any given gas temjieraturc, not onK 
the thermal cajiacity per cub. m. of producer gas of any analysis can be deterininetl, 
but also the sensible heat loss inhts accompanying moisture. 

By following the gas tem])erature ordinates in upward direction one olitains 
the sensible heat contained per cub. in. (J^.T.P.) of dry gas, while by following the 
temperature ordinates in downward direction the intersection with the moisture 
content lines (grammes H.^O per cub. m.) gives the sensible heat contained in the 
water vapour per cub. m. dry gas (N.T.J\). 

The reason that the determination of the sensible heat loss can be thus simplilled 
is that the main constituents of jiroducer gas are diatomic gases all having the same 
spe('ific heat, while the methane content is generally less than the carbon dioxide 
content and not of very much greater specific heat, and thus only a very small 
error is made if the CH^ and CO, contents, are added together and counted as OO 2 
only. It has also been assumed that tlie relative sjiecific heatft of tht; various gases 
do not alter upon mixing together {i.c. jiartial pressure diminished). 

The sensible heat loss, of course, is. practically absen4: on hot gas producers if 
placed i^>ar to furnaces, but if not, this loss may be of consequence, and should be 
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100 200 300 400 500 600 

Thermal Capacity in Ca/s./ Cubic Metre. • 

Fig. 17. — Sensible Heat contained in v.4kious Gases at various TEiirERATURES. 
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borne m mind when deciding the lay-out of the plant and the principle of producer 
operation. Although it may be an advantage to have a high caJbon monoxide 



content from a heating proce.ss point of view, it is often more ccmioinical from a 
thermal ,pomt of view to increase the hydrogen content .somewhat at the expense 
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of the carbon monoxide content, thus decreasing the outlet temperature and thereby 
sensible heat losses due to radiation from mains, etc., while the difference in sensible 
heat for the^two outlet temperatures will be present as the potential heat of the 
hydrogen in the gas. It should therefore ba emphasized that the gas composition 
is not always a measure of a thermally efficient hot-gas producer plant unless the 
loss in gas temperature between gas producer and furnace is borne in mind. 

Many sugge-stions have been made as to ways in which the large thermal loss 
incurred in the sensible heat of the hot gas can be regained, most of which have the 
object of utilizing tliis heat for such purposes as pre-heating the air bhist or to raise 
the steam required in the process by cooling the gas, either (1) directly by washing 
the air blast for the producers with the hot water from the gas-cooling j)lant, or (2) 
indirectly by raising steam or heating water in boilers or vaporisers. 

A more recent suggestion is to utilize the heat for pre-heating the fuel previous 
to gasification, and in^ modern low-temperature gas producers this has been success- 
fully carried out in so far as* the sensible heat loss becomes of the order of about 
2 to 3 f)er cent, while the heating value of the gas is increased by 10 per cent or more. 
(See Case 5, Table 25.) 

The detailed examination of each of the ten points mentioned above, and the 
sum total of the individual thermal losses obtained by such an examination, will 
enable the thermal efficiency to be arrived at very closely. But before dealing in 
detail with some examjiles of the application of the above statements it has been 
thought worth while to explain the reasons why certain factors, which are sometimes 
mcluded in thermal balance statements, liave been excluded. The following four 
points are those generally referi'cd to : — • 

(a) Jleat of decomposition of the vMatile particles of the fuel. 

(b) Sensible heat in fuel. 

(c) Temperature of air and steam mixture. 

(d) Latent heat in iindccomposed steam leaving producer. 

{a) The heating value of the fuel, as determined in the calorimeter, indicates 
to us tbe number of heat units set free by burning the fuel completely. Consequently, 
whether heat is given off or absorbed by the decomposition of the volatile matter, 
it will be included in the heat as measured by the calorimeter. Since in a gas 
})roducer the fuel is burnt conqiletely (just as in a calorimeter), the positive or 
negative heat of decomposition has already been taken into account when we use 
the fuel heating value basis as determined by means of a calorimeter. 

(b) The heating up of the fuel to gas-making temperature is effected by the 
sensible heat of the hot gases, but in any case since the calorimetric heating value 
is the basis lc>r the heat balance, imd since the heat contained in gas, tar, moisture, 
and ashes is thi'oughcfut brought to normal temperature, it will be clear that the 
sensible heat of the fuel isiuot to be counted in the heat balance sheet. 

(c) The steam air mi.^ture has always a higher temperature than that of the 
surrounding atmosphere. 
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Wlien, as is generally the ease, this increase in teinj)erature is entirely due to 
mixing the hot steam with the cold air, thereby cooling the former and heating the 
latter, the heat in the mixture will not exceed that in the st(‘ani sn})[jlied, and as the 
steam to be suj)])lied for the producer. \ dll be Inought into account when determining 
the over-all efliciency, it will be incorrect to add the sensible heat in the air and steam 
mixture to the heat supplied to the jnoducer when determining the phnn gasification 
efficiency. 

In some sj)ecial cases, where an increased heating value of the gas is aijiied at, 
the air and steam mixture are pre-heated ])revious to introduction into the producer, 
and in some cases it inight, at first siglit, seem as if such additional heat should l)e 
brought into account. Jf this pre-heating, as is generally the case, is effected by 
the hot gas leaving the juodiicer, it is obvious that if we have brought into account 
the total sensible heat in the hot gas, we have taken this heat into account. Only 
when the jne-heating (or super heating) has been done by some external heat supply 
(in contradistinction to that originating from tlie gasilied fuel) should it be borne 
in mind in the thermal balance sheet. 

it should })e not(‘d, however, that the immediate effect of su])er-heating the 
blast will be that the average tenip6u*ature of the fuel bed rises, and consequently 
the temperature of the gas leaving rises with resulting increase in tliermal loss. 
For this reason we may consider that super-heating of the air blast should be 
avoided as far as ])ossible, since it Jiot only mea?is' that heat is to b(^ added 
to the air blast, but- that sometimes more lieat will be lost ii) the gases leaving 
the, ])roducer. 

{(I) The latent heat in the steam in the hot crude gas has been taken ijpo account 
so far as it originates from the “mioisture” in the fuel. The undecojn])osed steam in 
the gas originates from the steam added to the air l)la-st, tlu* latent heat of which 
will be brought into account when estimating th(‘ over-all thermal efficiency, and 
therelore its latent heat does not come under the heading of thermal losses in 
calculating the jhua gasification efficiency. The sensible heat of siu'li steam (if 
any) should, as we have seen under (c), be borne in mind. 

It may have been noted that all the losses in the gasification ])rocess, except 
tlie sensible heat loss, can be expres.sed in terms of the net heating \^alue of tlie fuel. 
As, however, it is easi('r to (‘xpress the sensible heat loss in terms of the heat contained 
])er unit volume (at N.T.P.) of cold gas, it will be necessary when determining the 
ex]>ccted thennal efficiency of gasification for a. given tu(‘l. first to determine all 
the other losses, thus givhig as a deficit that heat which must exist as sensible heat 
in the hot gas and as })otential heat in the cold gas. When the ratio between the 
net availa})le potential heat in the cold gas and the total sensiljle aiid ])otential heat 
in the hot gas is (*ulculat( d, the sensible heAt loss in terms of the calorific value of the 
fuel, and therefore tlie thermal gasification efliciency, can be obtained.'' Alternatively, 
by the aid of the curves on fig. 19 the ratio between the sensible and the potential 
heat in the gas can be determined directly [ly following' the sensiifie heat abscissa 
to its in^iersection with tlie particular gas heating value curve ; the ordinate to this 
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point will indicate tlie desired ratio. The true sensible heat loss h in terms of the net 
heating value of the fuel will be obtained by multiplying a with lOO-o (Table 25 ). 



To give tlfe reader some idea of liow the thermal efficiency of several gas 

DrodllOPr nlnrO-Si nn/1 fiidlc ulforu f*nn«irlaru hUr A\nf,]i flip vnrlniifl f*nnflifinns I’afilp 
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Table 25 

Thermal Efficiencies of various Gas Prouucer Plants 


Types of Plants and Fuels. 


P>ituiiniiiiiiH CoH.1 

Aiitin.ieite 
Noii- 
reeov ery 

Coke IJrecze 
Non- 
rei ov eiy 


Wood. 

Nou- 

recovciT- 

lint G.ih I 

.\on- 

IWOVIMJ 

Monii- 

iFcuv<iy 

SciiiI-MoikI 
Ue< pry 

Low Tfiii)) 
Kei every 

Peat. 

Ke< lively 

] 


:t 

4 

5 

<> 

7., 

s 

9. 


Laboratary Exami nxition. 


Fuel Anulnnin. 

Moisture 

5 

5 

5 

5 

5 


15 

40 

20 

On dry sjunph; ; 









Ash 

\'2 

12 

12 

S 

8 

5 

20 

18 

2 

Volaiilt' . 

W 

no 

20 

21 5 

21-5 

f, 

0 

50 

71 

T carhon .... 

72 

72 

72 

80 

80 

87 

04 

50 

47 

F. carbon . 

55 

55 

55 

5(i 5 

50-5 



24 

24 

Hydrogen 

Net Ji.T.r. per 11). . 

4 5 

4 5 

4 5 

50 

5 0 



5 5 

5-S 

11,750 

11,750 

11,750 

12,250 

12,250 

i4’duo 

9,800 

8,250 

8,500 

Fiu'l grading : 





Abov(‘ i in 

(iO 

00 

00 

94 

94 ' 

100 * 

15 

ljumps. 

lllocks. 

k in. to 1 in. 

20 

20 

20 

4 

4 


20 


lielow 1 HI 

20 

20 

20 

O 



50 



Per cent tar yic'ld in snuilJ 










retorting test. 


7 

7 

10 

10 




8 5 

Ratio of cal. \al. tar : fuel 


la 

1 2 

1-25 




’18 

1 75 


Expected World fi(j Id'indt.s. 


Colli gas analysis : 

COj 

(‘O 

'h"‘ . ■ • : ; 

N g . . . . . 

Net 15. 'r r. per cub ft. 

Cals ])er cub in 

Outlet temperature oi hot 
crudi' gas. ' (’. 

Moisture in liot crude gas, 
g. per eub. m. (N.T.P.) 
Per cent carbon In asli. 

Tax yield pet cent 

4 

12 

52 

105 9 
1170 5 

800 

20 

10 

9 

22 

*^2 

18 

48 

150 7 
1294 () 

,700 

110 * 
10 

10 

11 

2 

20 

44 

142 2 
1200 5 

550 

420 

11 

17 5 

2-2 

21 5 

Pi 7 

1 54 4 
1274 4 

400 

150 

10 

8 

8 2 

21 0 

5 0 
20 5 
45 2 
179 

1 592 

150 

(iO 

lu 

i» 

24-0 

12 

1 0 5 

50 8 
141-8 
1202 

700 

40 

20 

i 

20 

9 

2 2 

21 

42 7 

121 

1102 0 

150 

000 

12 

11 

20 

2 3 

10 

19 7 

1 10-9 

1207 4 

250 

450 

10 

7-5 

Assessnieni and Calculated Nesults of Thermal Loss in 

per cent of Net Jleatimj Value of Fuel. 

Moisture loss .... 

0 5 

0 5 

0 0 

0 5 


0 2 

2 2 

9 5 

00 

'Par loss . ... 

Nil 

5 11 

0 5 

10 0 

12 0 

Nil. 

Nil. 

14 0 

130 

Dust and soot Iosm's . 

2 5 

2 (7 

2 0 

0 5 

5 

0-5 

2 0 

1 5 

2-0 

Asli loss 

1 0 

1 (> 

1 (i 

1 0 

•1 0 

1 2 

10 5 

4 5 

0 5 

Radiation loss 

1 0 

1-0 

10 

1 0 

1 0 

2 0 

1 2 

J-5 

1-5 

Ijcakagc )os.ses 

0 5 

1-0 

1-0 

1 0 

1-0 

1 0 

1 5 

1-5 

1 5 

Total 

7 1 

12 2 

14 1 

1 1-0 

17 0 

5 0 

17 4 

22 5 

21-5 

(fl) Remaining in liot gas as 










total sensible and 










Ijoteiitial heat , 

92 9 

87 7 

85-9 

80-0 

82 0 

95 0 

82 0 

67-5 

75-5 

(/>) Sensible lieat loss as cal- 










cnlatcd below . 

14.1 

14-0 

10 2 

9-4 

2 5 

15-2 

10 3 

8-2 

8-3 


Sensible Ileot Loss in Cals, per cub. w. of Cas {N.7\P.). 


Per (Tut COj and Cll, . 

• 9 

12 

19 

14 3 

J2-2 

8-7 

8 1 

i 23-3 

14-3 

Per cent diatomic gases 

91 

88 

81 

85-7 

80 7 

81-2 

91-9 

76-7 

85-7 

Heat m dry gas . 

259 

228 

180 

128 

40 

224 

224 

50 

79 

Heat in steam 

Total sensible loss, cals, iier 

12 

30 

110 

28 

« 

4 

14 

30 

42 

51 

cub. m 

271 

204 

290 

150 

50 

238 

254 

92 

130 

Potential lieat of gas . 

Total heat of liot gas, cals. 

1470-5 

1394 0 

1260 5 

1374 4 

1592 

1262 ^ 

112/»6 

1102-6 - 

1307-4 

cub. m 

1747-5 

1658-0 

1550-5 

1520 4 

1643 

i;.oo 

1381G 

1195-6 

1437-4 

(f) Ratio — Potential heat 
Total heat 

t. 

84 5% 

84% 

81-2% 

89 2% 

97-0 

84% 

81-0% 

• 

92-4% 

89-0% 

Thermal Efficiency . 

92 9 

78 7 

69 7 

76 6 

80-5 

79 8 

67 4 

62 8 

672 


* 'JiUis calculation is iimcie only for comparison, and the loss only exists in practice in a degree corresponding to the cliffcr- 
, ence in the gas temperature at lurnace and leaving pro<Incer. 



has been prepared. This table deals with nine different cases, some of which 
represent actual figures obtained in practice, others, what may reasonably be 
expected, lyider the conditions laid down. 

Cases 1, 2, and 3 will serve to indicate IlkR typical differences between producer 
gas plants in which the same bituminous fuel is converted into hot crude gas (1), 
or cold gas, without recovery of by-produQts (2), or Mond by-product producer 
gas (3) ; the respective thermal efficiencies being 92-9, 73-7, and 69*7 per cent. 

Cases 3, 4, and 5 will serve to indicate typical causes for the differences in thermal 
efficiency between three types* of by-product producers, (3) Mond type, (4) semi- 
Mond type, and (5) true low temperature gas producer ; the res])ective thermal 
efficiencies being ()9*7, 7()*0, and 80*5 per cent. 

Cases 0, 7, 8, and 9 relate to jdants in which anthracite, coke breeze, peat, and 
wood respectively are used, the respective thermal efficiencies being 79-8, (37*4, 
62*3, and ()7-2 per cent. 

Note. — T h('S(‘ results an' mainly given to st'rve as an example, and each of the fuels 
or ])lants jiientioned may give ultimate results, differing from tliose quoted, dei)ending 
U])on tlu'ir particular operating conditions. 

The first main column of the table gives such particulars of the fuel in use as are 
obtained by a j)ro])er laboratory examination. The second main column of the table 
gives the working results obtained under practical working conditions. The follow- 
ing columns contain assessed or calculated heat losses which have been based upon 
the information contained under these two sub-headings. A few examples^ will 
serve to indicate how each individual property of the^fuel or working result of the 
plant affects the efficiency. • 

Moisi'ure Loss . — This is a predominatit loss in the cases of the peat and wood 
producers, being between 10 and 6 per cent. 

Tar Loss . — With bituminous coals this is of a considerable amount for the 
by-product recovery producers (4) and especiall;^ (5), but the heat in such tar is 
really not lost, since the tar can be used as a crude fuel oil. The tar loss is also of 
im})ortance for the peat and wood fuels (8 and 9), which importance is particularly 
emphasized by the fact that the heating value of these fuels is less than that of the 
bituminous fuels, referred to under headings (4) and (5). 

Dmt and Soot Loss . — This is liighest in the cases where (u) the fuel contains 
a large number of fines, say, coke breeze or slack, and where (6) the gas outlet 
temperature is high, causing a high velocity, say Case (1). 

Ash Loss . — This is highest for fuels rich in ash, such as the coke breeze (7) and 
peat (8). 

The Sensible Heat Loss . — This is naturally high for the ])r()ducers having a high 
gas outlet temperature, say, Cases (2), (li), and (7), or where the crude gas contains a 
large amount*of mffisturt', say (^ase (3) ; on the other hand, the sensible heat losj 
is an inconsiderable anR)unt where the gas outlet temperature is low, as in (kises i 
and 9, but p^ticularly fn Case 5, the low temperature bituminous coal producer. 

To give sonn* idea as to how the steam eommnpion of each individual plan 
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will affect the over-all thermal efficiency, the following figures have been calculated 
for Cases 1 to 9 in Table 25 under the assumption that the heat required per lb. of 
steam supplied to the producer will be 1400 B.T.U. , 


Case Number. 



1 . 

2 . 

k 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

Extra steam required 
in lbs. per lb. of 
T.D. fuel . . 

•5 

•75 

1-75 

•75 

1 

‘9 

•8 


•4 

•25 

Heat contained in this 
steam B.T.U. 

700 

1050 

2450 

1050 

1260 

1120 

700 

660 

350 

Heat in steam in per 
cent on heat in fuel 
gasified . 

5-95 

8*93 

20*85 

8*58 

10*3 

8*0 

7*14 

6-7>) 

4-12 

Thermal efficiency in- 
cluding steam 

87*7 

67-7 

57-7 

70*6 

72*1 

73-9 

62*9 

58-4 

• 

64*5 


In comparing these figures with those of other gas generating plants, it should 
be borne in mind that in many cases no extra steam is required for the producer, 
suchi as assumed above, since this may be generated by utilizing the waste heat 
from the gas-producing process or the heat obtained from the tar oils for steam- 
raising purposes. ^ * 

(C) GAS QUALITY AND QUANTITY 

From Chapter II. we have seen what are the principles underlying the formation 
of gas in the producer, and that the final gas will consist of the following common 
constituents : — 


00, 

Carbon dioxide. 

0, . . . 

Ox 3 'gen. 

CO . 

Carbon monoxide. 

CH 4 

Methane or saturated hydrocarbon s.^ 

C,H, 

Ethylene or unsaturated hydrocarbons. 

H, . 

Hydrogen. 

N„ . 

Nitrogen. 


The relative quantities formed of combustible gases containing either carbon 
or hydrogen with a given fuel and gas producer type will mainly depend upon the 
temperature in the decomposition, zone, the quantity of steaai ad^d to the, air 
used for gasification, and the depth of the fuel bed. ^ 

^ Note : — When ipetharie is determined in a gas it includes the gases of the rsame series, suoh 
as CaHg, etp., the calorific values of which are higher than CH4. A similar remark applies to CgH4, 
which, however, seldom is present in any quantity in producer gas. 



FACTORS IN GAS PRODUCER PRACTICE 


71 


GAS QUALITY 

The measure that we adopt for the quality of a gas is its heating value, and 
although foi^ certain purposes of application it is important to maintain the quantity 
of one or more of the constituents of the gas within certain limits, we may take it as a 
general rule that the higher the heating value of the producer gas the more useful 
will it become for general industrial purposes. (For other special considerations of gas 
quality see pp. 505-524.) The terms used for the heating value of a gas are : — 

( 1 ) B.T.U. per cub. ft. at*N.T.P. ( 2 ) Cals, per cub. m. at N.T.P., 

thereby expressing the number of heat units given out by burning one unit of gas 
volume as measured at normal temperature and pressure, which latter is taken to 
be the chemical reference standard, viz. a temperature of 0 ° C. and a pressure of 
700 mm. mercury column. 

The heating values of the various combustible gases have been determined by 
several researchers, who obtained the following somewhat varying results : — 


1 

Ga«. 

Not Heating Value. 

Researcher. 

B.T.U.’k/ouI). ft. 

Cals./eub. m. 

CO . 

344-1 

3,000 

Berthelot. 


340-5 1 

3,015 

Favre and Silbermann. 


1 

3,044 

Thomsen. • 



3,066 ^ • 

Winkler. 



3,064 * . 

* ’ 

Lunge. 

Ho . . . 

287-2 

2,556 

Bunte. 


289-8 

2,578 

Thomsen. 



2,681 . 

Winkler. 



2,585 

Lunge. 



2,603 

Favre and Silbermann. 


293-2 

2,608 

Berthelot. 

C 114 . . 


8,417 

Thomsen. 



8,498 

Favre and Silbermann, 


962-5 

8,556 

Bunte. 



8,600 

Lunge. 


971 

8,640 

Berthelot. 



8,697 

Winkler. 

. . . 


00 

00 

Thomsen. 

• 

* 

14,009 

Favre and Silbermann. 


• 

14,045 

Winkler. 

• 

• 

14,060 

Lunge. 
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From these figures the following average values may be taken as being sufficiently 
accurate for practical purposes : — 

Table 26 • 

r *• 


Heating Value at N.T.P. 



Net. 

«Gross. 

B.T.U./cub. ft. 

Cals./cul^. m. 

B.T.U./cub. ft. 

Cals. /cub. m. 

CO, carbon monoxide 

342 

3,045 

34 ^ 

3,045 

Ha, hydrogen . 

290 

2,580 

344 

3,063 

CH 4 , methane 

955 

8,500 

1,063 

9,460 

CgH^, ethylene . 

1,573 

14,000 

1,681 

14,960 


We distinguish between the net and the gross heating value of a gas, the net 
heating value being the one generally accepted as the best comparative basis for 
practical work. « 

For gases containing hydrogen there is a difference in the quantity of heat given 
off by combustion, depending upon whether the steam formed by the combustion of the 
hydrogen is condensed or not. The gross heating value expresses the heat given off if 
the products of combustion are cooled to N.T.P. , i.e. if all the steam is condensed ; this 
co]?dition is of course not obtainable in practice. Hence the practical measure “ net 
heating value^^’ which expresses the total number of heat units given off by the products 
of combustion, if cooled to N.T.P# , less the latent heat of the steam. 

Since producer gas manufacture is* a process which is entirely self-supporting 
in regard to the heat required for the conversion of the solid energy into gaseous, 
it will be clear that the higher the thermal gasification losses the more of the fuel 
will have to be completely bu^t in the producer to counterbalance these losses. 
For this reason we may classify the factors directly affecting the heating value 
of the gas to be the following : — 

1. Moisture content in fuel. 

2. Temperature of and sensible heat contained in gases leaving the 

producer. 

3. Radiation losses from the producer proper ' 

4. Fusing temperature of ash. 

5. Fuel depth and load factor. 

6. Nature of volatile matter and amount of fixed carbon in fuel. 

^ 1. Moistuee Content in Fuel ^ ‘ " 

On pp. 48, 49 we saw that for a peat containing 56 per cent moisture, and 
having a heating -value of 4000 cals./kg., it was necessafy to bum*so much of the 
fuel as Corresponds to 10 per cent of the heat contained in the dry substance t^" 
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supply the heat required to evaporate the moisture. Obviously, therefore, we can 
lay down the rule that the higher the moisture content in the fuel the lower mil he the 
heating vah^ of the final gas. Apart from drying the fuel previous to its admission 
to the producer, the only means that we haw*to make this decrease in heating value 
as low as possible is to provide for such a fuel depth as will ensure that the sensible 
heat contained in the hot gases generated in tjie lower part of the producer is utilized 
to the utmost extent in driving off moisture. 

A very typical example as to how the moisture content will show its effect upon 
the gas quality when insufficient fuel depth is provided is contained in Table 27} 
extracted from a series of tests made on a German wet brown coal containing 57 
per cent moisture as charged into the producer. 


Table 27 


' 

Pressure Loss 
in Fuel Bed, 
cm. W.GI. 

j 

Total Fuel l)ep*h. 

Gas 

Outlet, 

Temp. 

°0. 

Gas Analysis Vol. per cent. 

Net Heating Value 
at N.T.P. 

CO, 

0, 

CO 


OH. 

Cals./ 
cub. m. 

B.T.U./ 
cub. ft. 

13*3 

860 mni. 
33f 

• 

470 

9*3 


14-0 

6-6 

•0 

648 

* 72'7 

15-3 

900 mm. 
35f 

440 

. 9-2 


13-8 i 

6-9 

•6 

650 

' 72-9 

• 

16-0 

1000 mm. 
39r 

360 

7-3. 


18*3 

12-2 

1-2 

974 

1094 

5-9 

1200 mm. 
47i' 

145 

9-5 

0 

22-8 

13-8 

1-5 

1177 

132-3 

G-0 

1300 mm. 
61J'' 

125 

9-0 


23-0 

14-3 

•7 

1129 

126-8 

15-3 

* 1350 mm. 
531" 

200 

9-3 

•1 

23-3 

11-9 

1-4 

1135 

127-5 


t This series represents the average of several days’ tests when the average hourly rate of gasification 
of theoretically dry brown coal was 72-5 kg. per sq. m. (14-6 lb. per sq. ft.). No gasification rate is 
given for the remaining gas analyses, but it can l)e judged approximately by comparing the various 
pressure losses in the fuel bed. , 

It should Tbe remarked that not only is the final gas quality altered by insufficient 
utilization of the sensible heat in the hot gas due to a low fuel depth, but the chilling 
effect by the •presence of the moist fuel very close to the decomposition zones in 
1 Gwosdz. dl‘ M. OasmachiTie. No. 1. 1921. 
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the producer lowers the temperature considerably, thus preventing proper reduction 
of carbon dioxide and steam into a good-quality producer gas. 

2. The Temperature of and the 'Sensible Heat contained in the Hot 
Gases lea vino the Producer 

When gasifying the same Yorkshife bituminous nut coal at the same gasification 
rates, but in different producers giving varying gas outlet temperatures, the author 
has obtained the results given in Table 28. , 


Table 28 




Test No. 



I. 

II. 

111 . 

Gas outlet temperature “ C. . 

550 

350 

150 

Moisture in gas : 



« 

Gr./cub. m. (N.T.P.) . . . 

200 

150 

60 

Analysis of cold gas volume per cent : 
CO, 

12-8 

• 

10-5 

8 

.CO 

Kvfi 

18 

21 

CH 4 . , . ... . . 

3-0 

3-5 

5 

H, . 

22*8 

22-5 

21 

N. • 

44*8 

45'5 

45 

Net heating value at N.T.P. : 

B.T.U./cub. ft. . . . • . . 

151 

lGO-2 

180-5 

Cals./cub. m 

1344 

1426 

1606 

“ Sensible heat loss ” in per cent on net 




heating value of gas 

17-3 

9-5 

3-2 


It will be obvious that if the sensible heat loss in the hot gases becomes smaller 
(generally due to lower gas outlet temperature), then a smaller quantity of the fuel 
will have to be completely burnt to balance this heat loss, and consequently less 
air will be required for supporting the gasification process, with the result that the 
heat concentration of the final producer gas is increased. The results in Table 28 
confirm that this is actually the case in practice. We shall thfirefor(?be justified ih 
laying down the rule that under even rates of ga 8 ificatii)n the lower the sensible 
he>at contained in the hot gases leaving the jproducer, the higher will he the potential heal 
(heating vglne) of the gas. 
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3 , The Radiation, Convection, and Conduction Losses from the 
Producer proper 

• 

Just as the heat required to balance tlfe sensible heat loss and moisture loss 
lias to be supplied by burning part of the fuel more completely, so will a more 
complete burning of the fuel be required to balance the radiation and convection 
losses to the atmosphere. As we have seen, except in the case of producers which 
are cooled by artificial means, such as water jackets, the thermal losses on this 
account generally do not exceed 1 to 2 per cent, and hence the effect upon the gas 
quality on this score is generally of minor importance. 

In so far as the radiation and conduction losses tend to decrease the temperature 
in the decomj)osition zones, we may look upon these as ha\dng a double influence 
upon the gas quality, viz. (a) due to the requirement of counterbalancing the heat 
loss, and (b) due to ,a decrease of the temperature in the decomposition zones. 
However, this latter point will hardly play an important part except in the case of 
water-jacketed producers. 

4. Fusing Temperature of Ash (see also pp. 117-127) 

Since the fusing temperature of the ash gives us a guide as to the temperature 
at which we may encounter serious difficulties in operation due to clinker formation 
(except perhaps when complete slagging of the ash is aimed at), the ash composition 
will indirectly affect the gas quality in so far as the only means generally in the 
operator’s power to reduce the temperature in the lowef zones in the gas producer 
is to alter the quantity of steam added to the air supply. But as the proportion of 
steam and air is altered, so is also the gas composition and gas quality altered. It 
is, however, very difficult to lay down any guiding rule as to the influence of the 
fusing temperature of the ash upon the gas quality, except perhaps that the lower 
the fusing temperature the higher will be the hyd?iogen, and the lower the carbon 
monoxide content in the producer gas. 


5. Fuel Depth 

So far as the effect upon gas quality is concerned, we may say that, within limits, 
the greater the fuel depth the better the gas quality when the producer is worked 
at the same rate or under the same load factor. On the other hand, if the gasifica- 
tion rate of a producer be reduced we may say (again within limits) that the gas 
quality will increase. In either case the increased gas quality will be due to 
increased time of contact for the gases, but while with an increased fuel depth the 
temperature in "the decomposition zone is probably not afiected, this cannot be 
said if the load factor is considerably decreased. The more economical way of the 
two in which to«obtain an increased heating value on a given producer is obviously 
to increase the fuel depth. 
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6. The Natube of the Volatile Matter and Amount of Fixed Carbon 

IN THE Fuel < 

IVom pp. 25, 26 we have realized how the composition and the quantity of 
distillation gas (that is, gaseous volatile matter) may distinctly affect the final 
producer gas quality, consequently for fuels containing a large amount of volatile 
matter a distillation test carried out in the laboratory on the fuel should give a 
useful guide as to a possible gas composition. • 

It will be obvious that the volatile matter of the fuel will, practically speaking, 
be removed by “sensible heat” distillation previous to the ^ fuel entering the 
decomposition zones in the gas producer, and that therefore on gasification no 
combustion will take place of the volatile matter. 

We have seen, however, that part of the fuel has to be burnt to balance the 
various heat losses incurred during the gasification,* consequently if the volatile 
matter is not burnt, it must be the charred residue, the “ fixed ” carbon, which has 
to supply this heat by being burnt more or less completely as the case may be. We 
may therefore consider producer gas made from a volatile fuel to be a mixtjire ol 
the distillation gas and a “ coke ” producer gas of a heating value, which will alter 
directly with the fixed carbon content of the fuel and inversely with those thermal 
losses which affect the heating value. • 

Sufficient research has not yet been accomplished to enable us, by the sole 
guidance of laboratory tests, to lay down in advance what heating value may be 
expected of producer gas obtained from a fuel which has never been gasified before. 
As an example illustrating tjie way in which this might, perhaps, be accom- 
plished, the two comparison^ between laboratory and large scale gasification tests 
are given in Table 29.^ 

In the case of Test 4 it will be seen that 17*8 per cent of the coke was burnt 
while in Test 16 the amount was 28-4 per cent, with the result that the heating 
value of the “ coke ” gas is very much lower for the latter case than for the former. 


GAS QUANTITY 

If the thermal efficiency of the producer and the calorific value of the gas anc 
of the fuel be known, the gas volume made per unit weight of fuel is given, i.e. thes< 
four factors are interdependent. It should be mentioned, however, that the measur 
ing of the gas quantity made from a plant is often more easy to accomplish thai 
the making of a thermal balance, in whiclj case the thermal efficiency will be deter 
njined from the gas volume and the heating values. At this^8tage,we shall conceri 
ourselves only with the gas volume alterations obtained upon gasification of th 
carbon. 


^ Rambush, J. Soc* Chem. iTid., December 31, 1921. 
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Table 29 


* No. of Test. ^ 

4. 

16. 

Moisture content in fuel 

7-36% 

51% 

Volatile matter in dry fuel substance . . ' . 

31*3 

61-2 

Heating value in B.T.U./lb. dry substance . 

12,150 

7,070 

■ 

Laboratory Test : 



Cub. ft. distillation gas (N.T.P.) per ton dry fuel 

7,025 

10,450 

Net heating value of gas B.T.U./cub. ft. . 

560 

284 • 

Coke yield in lbs. per ton dry fuel 

1,539 

1,080 

Net heating value of coke B.T.U./lb. 

12,860 

7,867 

Practice : 

Cub. ft. (N.T.P.) of producer gas per ton T.D. 
fuel 

130,000 

70,700 

Net heating value of gas B.T.U./cub. ft. . 

155 

127-5 

Total B.T.U. in gas per ton T.D. fuel 

20-2 mill. 

9-04 mill. 

Thermal gasification efficiency .... 

74-5% 

57% 

Calculations re Coke Gas : 



Total heat in distillation gas per ton T.D. fuel 
B.T.U 

3-93 mill. 

2-96 nlill. 

Total heat in coke gas per ton by difference . 

* 


B.T.U . . 

‘ * 16-23 „ 

6-08 „ 

Volume of coke gas per ton cub. ft. by difference 

122,975 

60,250 

I.e. Net heating value of coke gas B.T.U./cub. ft. 

132 

101 

Coke gasification efficiency per cent . . . • 

82-2 

71-6 


Table 30 gives the gas volumes produced per kg. of carbon when gasified by 
means of air or steam, in accordance with the various reactions that generally take 
place in a gas producer. It also gives the various air and steam quantities as well 
as the heating value of gas produced. In working out this table it has been assumed 
that air contains 21 per cent oxygen, the remainder being nitrogen- actually the 
oxygen content is slightly less, but not sufficient to make any appreciable difference 
upon the gas and air volumes given. 

On the basis of the same thermal efficiency being obtained, it is clear from the 
table that the more air is used for gasifyihg the fuel, the larger will be the gas volume, 
and consequently th^ lower the heating value. 

Except in the case* where large quantities of steam are introduced with the 
air blast, we may lay dcfwn the rule that the lower the percentage of nitrogen in 
the gas, the more efficient is the producer likely to be. 
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Table 30 


Eeaction of Carbon with Air or Steam. ! 

Gag Vol. 
(N.T.P.i per 
unit weight of 
Solid Carbon, 

Net Heatmg Value 
of Cold Gas 
(N.T.P.) 

Air Vol. • 
(N.T.P.) per 
unit weight 
Solid Carbon. 

Weight of 
Steam per 
unit weight of 



MVkg. 

ft.»/lb. 

B.T.U./ 
cub. ft. 

Cals./ 

ia“. 

m*/kg. 

1 

fi,Vlb. 

Solid Carbon. 


79 79 

8-9 

142 

1 

Nil 

Nil 

8*9 

142 

Nil 

Air< 

79 79 

C^C02+2jN2=2C0+2jN2 

10*75 

172 

118*75 

1057 

Nil 

''NiI 

Nil 


79 79 

[2C + O2+21N2-2CO+21N2 

5-37 

86 

118*75 

1057 


71 

Nil 

steam/ ^^+^ 20 = 00 + 0 , 
steam -COj +2H2 

3*73 

59*7 

,316*0 

2812 

Nil 

Nil 

1*5 

5*6 

89*6 

193*3 

1720 

Nil 

Nil 

3 


{D) RECOVERY OF BY-PRODUCTS 

Although the first capital outlay involved may b6 higher for a gas producer 
plant in which by-products are recovered than for a j)lant in which they are not, 
it will be found worth while for those who have to choose a fuel or gas producer 
plant to consider the possibijity of obtaining not only the highest thermal efficiency 
and gas quality, but also such*by-products as a particular fuel is likely to yield 
simultaneously with the producer gas. 

Inasmuch as a modern by-product gas jjroducer of the low temperature type 
is the one most likely to give the highest thermal efficiency when manufacturing 
cold and clean gas, it will be obvious that the future tendency in large scale gas 
producer practice is likely to be the develo})ment of a low teiiiperature by-product 
gas producer which, apart from its ideal thermal efficiency, also enables us to supply 
in the shape of nitrogenous fertilizers and liquid hydrocarbons or carbohydrates, 
products which may be absorbed in our agricultural, chemical, and other industries, 
at a very much higher commercial and national economic value than they possess 
in their original state purely as a part of the combustible value of a solid fuel.' 

The by-products which, under suitable conditions, may be obtained in a gas 
producer are : — 

1. Ammonia. 

2. Condensable hydrocarbons and carbohydrates, sueh as tar, oils, etc, . 

3. Sulphur. \ • 

In the following we shall study what are the best conditions for yielding the 
highest quantity of each of the three classes of by-products mentiemed, and what 
may reasonably be expected in practice, given a certain suitable fuel and gas producer. 
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1. Ammonu Formation 

The origin of the ammonia, at the present stage of gas production, is the nitrogen 
in the fuel only. This conclusion is based upon the fact that the amount of nitrogen 
contained in the ammonia made in a gas producer plant is always less than and 
always alters with the nitrogen contained in the fuel. Various inventors have 
endeavoured in the past to cause the nitrogen in the air blast to combine to form 
ammonia with the hydrogen fofmed by reduction of the stean), but so far no one 
has been successful. 

The nitrogen content of fuels generally does not exceed 3 per cent but varies 
considerably, as will be obvious from the following list : — 


Fuels. 

Anthracite generally 
Natal anthracite . . . . 

English or German bituminous coals . 
American bituminous coals 
Brown coal and lignites . 

Peat 

Woods . . * . . 


Nitrogen Content, 
less than 1 per cent. 
2*5 per cent. 

•5 to 1-9 per cent. 



Since the nitrogen contained in the fuel is the source of the ammonia, it will 
be clear that the higher the nitrogen content, the higher is the ammonia yield likely to* be. 
The state of the nitrogen in the fuel, however, dilf^s considerably with the various 
fuels, and as we do not possess any defii^te knowledge of the chemical structure 
and composition of all the various bodies which enter into combination with one 
another to form a fiwl, we are not able to j udge definitely from an ordinary fuel 
analysis as to what is the amount of ammonia that a fuel with a certain nitrogen 
content will yield in practice. * 

On introduction into a gas producer the fuel is treated at a lower temperature 
than during later stages of the gasification process, it being submitted to a more or 
less gradual rise in temperature, with the effect that the volatile matters in the fuel 
are first distilled off (by the hot producer gases from the lower part), after which the 
residual coke is subjected to gasification proper. 

From the point of ammonia formation only, we may consider the formation 
of this gaseous compound as taking place in two stages, viz. the distillation stage 
and the gasifiication stage, each of which may more or less merge into the other, 
depending upon the content of volatile matter in the fuel, the particular producer 
design, and the relative quantities of ffir and steam in the air blast. For these 
reasons we shall studj' the evolution of ammonia, firstly, from the volatile products 
of the fuel by heating oaly ; and secondly, from the coke by gasification ; thirdly, 
we shall refer to the combined result of these two processes in actual gas producer 
practice. 
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(a) Ammmia Evolutim hy Hexiting only 

In distillation gas practice it has been found that some of the nitrogen of the 
fuel is present in the resultant gas as, ammonia or nitrogen, although h large part 
remains behind in the coke. 


Table 31 

Distribution of Nitrogen in Crude Fuel jn Distillation Products 




Bituminous Coal. 

4 

Shale. 


Gas 

! Westphalian. j 

Saar 

r 

English 

Coke 

Ovens. 

Brox- 


Retorts. 

I. 

II. 

burn. 


Foster. 


Knublauch. 


Short. 

Rowan. 

Per cent nitrogen : 

In ammonia . 

14*5 

11-9 

14-1 

16-9 

15-16 

32-8 

In coke .... 

48-68 

30-0 

35-6 

63-9 

43-31 

45-7 

In tar oils, cyanogen, etc. 

1-56 

3-1 

3-2 • 

4-1 

4-41 , 

20-0 

Loss 

35-26 

55-0 

47-1 

16-1 

37-12 

1-5 


Table 31 gives a few examples of the distribution in the various retorting 
products of the nitrogen originally in the fuel ; from this it is especially obvious 
that very different results are obtained as to the amount of nitrogen retained in 
the coke and obtained as elemental nitrogen. In recent years experiments have 
been made to endeavour to find how various factors are likely to affect the nitrogen 
distribution. The factors that 'have generally been studied are (a) the effect of 
the nature of the fuel, (6) the effect of temperature, and (c) the effect of time. 

Christie ^ gives the results of distilling fuels of various types in Table 32a, which 
indicates that the amount of ammonia given off by the volatile matter in the fuel 
is highest for the younger fuels, while, on the other hand, the amount of nitrogen 
retained in the coked residue increases with the age of the fuel. 

That this rule does not entirely hold good will be seen from the results obtained 
by the author on determination by distillation of the volatile ammonia in various 
fuels (Table 32b). 

Although the content of ammonia in the distillate is higher for lignites and peat 
than for bituminous coals, it is generally less in recent vegetable formations such 
as the two last fuels referred to in Table 32b. Probably peat is richer in 
ammonia-yielding bodies than are fresh vegetable fuels, due to the more advanced 
decay of the organic materials. 


^ Stahl u. EiseUf 1910. 
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Table 32a 

Effect of Nature op Fuel upon Nitrogen Distribution 
* IN Distillation .Products 



Anthracite. 

^ Bituminous Coal. 

Peat, 


Aix-la- 

Chapello. 

Aix-la- 

Chapelle. 

Consolida- 

tion. 

Yorkshire. 

Bremen. 

Coke yield by distillation. 

94-8 

77-3 

68-4 

64-5 

31-7 

Per cent of nitrogen in 
coal present in : 

Coke . . .• . 

, 63-65 

54-0 

43-6 

42-6 

24-0 

Ammonia 

25-85 

33-8 

29-1 

29-5 

40-3 

Other volatiles 

10-5 

12*2 

27-3 

27-9 

35-7 


Table 32b 



• Jiitiiminous Fuels, 

1 Lignites. 

J‘eat. 

Kurdi 
Husks, j 

Woexi 

Refuse. 

• 

Nottlnfi- 

lumishirc. 

Scotland. 

Krancc. 

SoiitJi 

Alrlca. 

Spain. 

Aus- 

tralia. 

Fuel : 

Per cent volatile matter 
- Per cent nitrogen . 

” 

32-2 

1-44 

15-56 

11» 

21*7 

1-43 

'67 

50-8 

-63 

67*9 

2-8 

73-3 

•7 

82-4 

018 

Ammonia obtained by dry 
distillation in i>t‘r cent 
on nitrogen in fuel . 

129 

202 

16*3 

234 

95 

22 

504 

15 

26 


Since fuels of recent vegetable origin are not likely to be used for recovery of 
ammonia on account of their nitrogen content being low, this exception from the 
rule found by Christie is more of theoretical than practical interest. 

Similar results to those of Christie were obtained by Eau and Lambris,^ who 
also studied the effect of temperature (see Table 33). 

Mayer and v. Altmeyer ^ obtained the results quoted in Table 34 when heating 
a Saar coal containing 1*13 per cent nitrogen for three hours’ duration. 

From Tables 33 and 34 it will appear that the ammonia yield is generally 
highest at a temperatme of about 800° C., although possibly the lower ammonia 
yield at 900° C. may be caused by a secondary decomposition of the ammonia into 
elemental nitrogen and hjdrogen. Further, it would appear that at lower tem- 
peratures more of the nitrogen is obtained in the tar and oils than at higher 

^ Journ.f&r Gasbl.f 1913. * Ibid., 1907. 

a 





02i 

temperatures ; whether this is due to the fact that the volume ratio of “ tar vapour ” 
to gas vapour is highest at low temperatures is difficult to say, but the distillation 
result of the Broxburn shale (Table 31) (which is from a low temperature distillation 
retort) might seem to confirm this. “^On the other hand, Gluud and Breuer ^ find 

'Table 33 

Percentage of Nitrogen in various Bituminous Coals 

OBTAINED as AmMONIA AT DIFFERENT TEMPERATURES 


Per cent volatile in dry coal . . 

Per cent ash „ „ 

34-63 

2-14 

29-61 

2-58 

1!)-85 

3-67 

7-59 

5-12 

Temperature up to 390° C . 

2-6 

1-1 

r 1-6 

1-5 

510° C. . . 

8-6 

5-6 

4-5 

3-6 

„ „ 670° C. . . 

25-3 

24-1 

19-4 

14-9 

„ 815° C . . . 

31-1 

30-6 

25-6 

I 

22-2 


Table 34 

c 

Effect of Temperature upon Distribution of Nitrogen 
IN Distillation Products 


Temperature ° C. . . 

600 

700 

800 

900 

Time to reach temperature in minuteso 

30 

40 

54 

75 

Coke yield by distillation 

69-6 

68-1 

65-5 

65-0 

Per cent of nitrogen in coal present in : 
Coke ^ . 

72-4 

70-1 

65-2 

62-1 

Ammonia 

10-6 

19-6 

21-7 

20-8 

Gas 

5-13 

• 7-98 

9-43 

15-61 

Tar, cyanides, etc 

11-87 

2-32 

t 

1 3-67 

1 

1-49 


the distribution of the nitrogen by low temperature distillation (in a revolving 
retort) of a coal containing 39*7 per cent volatile matter and 2*1 per cent nitrogen 
to be as follows : — 


In L.T. coke . 

. 66'1 per cent on 

nitrogen in coal. 

In ammonia 

. 1-8 „ 

.'j *> 

In tar, etc. 

.* 4-8 „ 

)> •! 

As free nitrogen 

. 10-8 „ 

t 

»» 

Total 

• 

. 83*5 per cent. 

c 


^ Abliand. z, Kenntnis der Kohle, 1919. 
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It will be noted that some (16-6 per cent) of the nitrogen in the coal could not 
be accounted for, this being attributed by these researchers to an insufficiently 
accurate method for estimating the nitrogen in the coal and coke Neverthele® 
these tests are not only of interest in so far as they show that more nitrogen is present 
in the tar than m the ammonia, but also because the total amount of nitrogen driven 
off as compounds in the tar and the ammonia is.very much less than that given off as 
ehmerad mtrogm. If this be correct, then we can hardly look upon the free nitrogen 
obtained by other researchers as mainly originating from the decomposition of the 


When heating a bitumnous coal at somewhat higher temperatures Monkhouse 
and Cobb 1 report the Mowing result, with a Yorkshire coal containing 1-67 per 
cent nitrogen : — » i 


Temperature of coking ° C. 
Duration of coking, hours 
Coke yield per cent . 

Per cent N. in coke . 


•• 

500 

800 

1100 


5f 




70*0 

62-6 

55-5 


1-87 

1-34 

•58 


These figures would seem to indicate that the nitrogen in the fuel is more 
completely removed the higjier the final temperature of heating. The very low 
nitrogen content in the coke made at 1100“ C. does not seem to bear om the 

SiSr"'" 


By heating a bituminous coal to 865° 0. for 
the following results : — , 


very Jong periods Christie ^ obtained 



Time. 


12 mimites. 

80 minutes. 

170 hours. 

Per cent of nitrogen in coal present in : 




Coke 

6642 

56-92 

37*35 

Ammonia 

Difference 

1 33-58 

18-25 

24-83 

27-45 

35-2 


Prom his researches Christie comes to the conclusion that the quicker the 
luting up of the coal, the higher will be the quantity of the nitrogen which is 
retained in the coke. He assumes that the nitrogen combines with the carbon in 
;he fuel to form very stable nitrides, which are only decomposed by heating to high 
*mperatures (up to l800“ C.) for a considerable length of time. A duLion of 
mating of 170 hours is, however, not likely to prove economical in practice. 

From the above - quoted experimental results we may draw the following 
Oaa JourruU, October 19, 1921. • Dissertation Aachen, 1906-(1908). 
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conclusions in regard to the quantity of ammonia evolved from a fuel by heatini 
only :-y 

(1) The ammonia yield yill alter with the nature of the fuel ; i 
is generally lowest for the fuels with a low content of volatile matter 

(2) If a fuel is heated at a constant temperature between 500 
and 900° C. the ammonia yield will be the higher the longer the fue 
is heated. 

(3) A temperature of about 800° €. seems to be favourable fo: 
the highest volatile ammonia yield, while practically no ammonij 
is driven off below 500° C. 

(4) Some nitrogen will be eliminated from the fuel as elemcnta 
nitrogen ; this elimination being generally favoured by high tern 
peratures, which favour a decomposition of the ammonia formed. 

(b) Anmonia Fj volution by Gasification of Coke 

In the preceding we have studied the evolution of ammonia by the heating 
of the fuel only. To understand the principles underlying the conversion of th 
“ fixed ” nitrogen in the coke into ammonia it will be necessary to study in a pre 
liminary way the physico-chemical laws that affect the ammonia decornposUion. 

Ammonia on heating decomposes into the elements nitrogen and hydrogen 
the amount decomposed being dei>endent upon the time of contact and the tern 
perature and the pressure of the system. Assuming sufficient time be given, ther 
the three gaseous bodies may be assumed to be in a state of dynamic equilibriun 
with one another in accordance with the following reversible reaction : 

2NH3:^3H2+N2. 

Table 35 gives the volume percentages of the three gases which will be ir 
complete equilibrium with one another at various temperatures, if sufficient time 
be given for the attainment of the equilibrium stage. 


Table 35 

Ammonia Equilibrium (Haber) 
Pressure = 1 atmosphere absolute. 


Temperature ” C. 

Volume per cent of Gases. 

NH., 

H. 

N, 

27 

98-51 

M2 

•37 

327 

8-72 

64-46 

' 22-82 

627 

•21 

74-84 , 

24-95 

927 

•024 

75-0 o 

25-0 

1020 

•012 

75-0 

25-0 
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This table shows clearly that the temperature of the system has a great in- 
fluence upon the ammonia yield, which decreases very rapidly with an increase in 
temperature, and above 600° C. ammonia should be practically non-existent for 
mixtures of established equilibrium condition^. , 

In actual producer gas practice we are not dealing with a gaseous mixture of 
only nitrogen, hydrogen, and ammonia, sincep these gases are diluted with other 
gases. Thus, fcr instance, when gasifying an average English bituminous coal 
(yielding about 90 lbs. of sulphate j)er ton) we should have the following approximate 
volume concentration of these gases : — 


NH 3 = 0*4 to 0*5 per cent. 

H 2 - 2 O „ 25 
N 2 = 44 „ 48 

Other gases = remainder. 

• 

This shows that the volume ratios of the gases involved in the practical ammonia 
reaction are entirely different from those referred to in Table 35 as the equilibrium 
volumes. 

To understand the effect of alteration in the volume of either of the gaseous 
components involved in the ammonia reaction it will be necessary to study 
separately what effect an alteration of the concentration (or partial pressure) of 
either the hydrogen or the nftrogen will tend to have upon the amount of ammonia 
obtained. Given a constant thermodynamic environment and established complete 
equilibrium, we may write the formula of the dissociation constant K ” as follows # — 


rN,]ix[H,p • 


in which the symbols inside [ ] indicate the volume concentrations of the three 
gases involved in the dynamic equilibrium. 

The effect of increasing either the hydrogen or the nitrogen concentration 
only would cause a tendency for the ammonia content to increase ; but whereas an 
increase in the nitrogen affects the ammonia content as the square root of the 
increased nitrogen volume, an increase in the hydrogen content will alter the ammonia 


concentration at the power of ^ 


Decreases in the nitrogen and hydrogen content 


obviously would have the opposite tendency. 

It will be plain that in practice, where temperatures above 600° C. are used, 
there is always very much less hydrogen present in the gases than that which 
corresponds to the equilibrium concentration ; but nevertheless the ammonia 
yield is not decreased to an amount which’ corresponds to the amount in equilibrium 
with this modified hy^ogen concentration. The main cause for this difference is 
probably due to the fact ^hat the rate of decomposition of ammonia into its con- 
stituents is a very low one, there being nothing like sufficient time given fdrvthe 
equilibrium stage to be obtained under practical working conditions. 
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Table 36 shows (Bodenstein and Kxanendieck the rate of change in the 

dx 

ammonia concentration after the expiry of varying lengths of time, when heating 
initially pure ammonia gas at 780° C. and 880° C. respectively : — 


Table 36 

Kate of Decomposition qv Ammonia 



Temperature =780“ C. j 

Temporatnre = 880“ C. 

Time 

in 

minutes. 


j PNH,=-'235nim. Hg. 

225*5 mm. Hg.j 

Pj^jj^ = 614*6 mm. Hg. 

No + SHa 

mm. Hg. ■ 

dx 

di 

N 2 + 3 H 2 
mm. Hg. 

dx 

dt 

Na + 3Ha 
ram! Hg. 

*dx 

dt 

Na + 3Ha 
mm. Hg. j 

d.x 

It 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

46-4 

4-65 

48-8 

4-9 

60-0 

6-0 

100 

10 

10 

69-6 

2-3 

81-0 

3-2 

115-1 

5-4 

197-9 

*9-8 

15 

84-4 

1-48 

102-2 

2-12 



283-0 

8-4 

20 

94-3 

1-0 i 

119-9 

1-78 

196.^7 

4-0 

352-8 

7-0 

100 

157-1 

•25 

226-4 

•36 


•• 

769-4 

1-2 


The symbol Pnh, indicates the initial pressure of ammonia, while the column 
Ng + SHg indicates the amount of Ng^+SHg formed as obtained by the observed 
pressure increase in mm. 

Even after the expiry of 100 minutes it will be seen that no complete dissocia- 
tion of the ammonia has taken place. The table further shows how the rate of 
decomposition decreases with the concentration of the ammonia. Since the average 
time contact factor in by-product gas producers hardly exceeds five seconds it will 
thus be clear why the ammonia formed is not decomposed again. 

Since there is generally more ammonia in by-product producer gas than 
corresponds to the equilibrium quantity at the temperature of formation, the obvious 
quesfiion is : How is the ammonia formed ? Considerable research has been carried 
out upon this subject, especially as to the action of various gases upon the 'amount 
of ammonia formed. 

It has long been known that steam is the most suitable agent for the formation 
of ammonia, the first experiments being made about forty years ago by Grouven 
in Germany, and Young, Kamsey, and Beilby ^ in Britain. 

Table 37 serves as an example of results obtained by passing steam only over 
C(Sce (remaining aftqr a three-hour previous distillation of the coal), for varying 
lengths of time at different temperatures : — 

VNerast, Festachriftt 1912, p. 99. 


* Journ, Soc. Chem. Ind.^ 1884. 
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Table 37 

Percentages of Nitrogen in Fuel obtained as Ammonia 
BY Steaming of Coke 



Length of 
time in 
hours. 

_i 

• 

Temperature of Coke “ C. 



600^ 

700°. 

800°. 

900°. 

Dry distillation only 

3 

10-83 

19-17 

21-38 

20-57 


G 

13-04 

20-85 

23-12 

23-84 


9 

3-17 

8-53 

9-64 

5-35 

Steam only . . . ; 

12 

1-84 

5-10 

6-12 

2-21 

15 

•17 

3-17 

3-71 


18 


1-50 

2-14 



21 



1-12 

•• 

Total amount of ammonia in 






per cent of nitrogen in coal 

•• 

29-05 

58-32 

67-23 

51-97 


This table indicates that the longer the steaming is carried out the higher is 
the ammonia yield, and further, that tjie ammonia yield is highest at 800° C. The 
time during which the steam and coke were in contact does not seem to have iJeen 
borne in mind, nor what was the coke residue at th«* end of the test. 

Salmang ^ on gasifying coke under different conditions comes to various con- 
clusions, of which the following is a summary 

(a) By gasifying coke by carbon dioxide, COg, the quantity of nitrogen in the 
coke obtained as ammonia is only 2 to 3 per cent when using dried COg, and 17 per 
cent when using undried COg. Since the hydrogen contained in the coke sufficed 
to combine to ammonia with four times the amount of nitrogen that was present, 
the hydrogen in the coke does not partake in the ammonia formation, but steam 
is the ammonia-forming agent. 

(h) The ratio of carbon to nitrogen in the coke remains practically the same at 
the various stages of gasification. In other words, the nitrogen probably exists 
as a very stable nitride equally distributed throughout the whole coke. mass. 

(c) The decomposition of the ammonia is retarded considerably by the presence 
of steam. 

(d) The addition or presence of various oxides or salts affects the formation 
of the ammonia. Thus the addition of *5 per cent calcium carbonate to the coke 
resulted in a great increase in the ammonia ; similarly if ferric oxide, FegOg, is 
added. For coked residues having high ash and sulphur content, the addition of 
CaCOg caused an extremely marked increase in the ammonia yield. 

^ Aachen, 1914, Dissertation. 
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Salmang also made experiments with steam quantities, as much as 10 kg. per 
kg. of fuel treated ; such experiments are, however, not likely to have any bearing 
upon practice. Also in these tests it would appear that the rate of coke gasification 
and time of contact between gases and* coke were not given as careful consideration 
as the other factors. 

In connection with Salmang’s conclusion (a) it should be borne in mind that 
COg is just as much an endothermal agent as steam, therefore since the only products 
of gasification of coke by steam that difier from tjiose made by CO3 are hydrogen 
and steam (undecomposed), either the steam or the hydrogen must be the ammonia- 
forming agent. The explanation at the moment, generally accepted, is that the 
nascent hydrogen (formed by the decomposition of the steam) has a greater affinity 
for the nitrogen than hydrogen in any other condition. 

Professor Cobb ^ in collaboration with Monkhouse ^ has carried the research of 
Salmang a step further, while at the same time endeavouringc to obtain somewhat 
similar time contact and gasification rate conditions to those existing in practice. 

Tables 38 and 39 give a summary of Monkhouse and Cobb’s tests, which show 
the efiect upon coke (made at different temperatures) of passing through it a current 
of nitrogen, hydrogen, and steam, separately or successively, or two of these 
simultaneously. The time contact factors varied approximately between two and 
six seconds, depending upon the temperature of experiment, and whether only 
one gas or a gas mixture was passed through the coke. ' 

» Table 38 


Effect of Coke Quality upon'per cent Yield of Nitrogen in Coke as Ammonia 

WHEN HEATED IN VARIOlJS GaS CtJRRENTS SUCCESSIVELY TO 500, 800 AND 

1100° C. 


Coke made at . 

^600=’C. 

800 

^C. 

1100" C. 

Type of Gas Current 

Nitrogen. 

Hydrogen. 

Nitrogen. 

Hydrogen. 

Hydrogen. 

Hydrogen 

and 

Steam. 

Nitrogen as ammonia 

11-7 

34-2 

•3 

3*9 

Nil 

57 

Nitrogen left in coke 

60-4 

28-2 

70-2 

59-0 

100 

l?7-9 

Free nitrogen (difference) 

27-9 

37-6 

29-5 

37-1 

Nil 

6-4 


The coke made at 500° C. was soft, the 800° C. coke medium hard, while the 
1100° C. coke was extremely hard. The figures in Table 38 indicate — 

That with the softer (less carbonized) coke the hydrogen current favours the 
forii&ation of ammonia more than the nitrogen current. With the medium hard 
coke this influence upon the ammonia formation, although relatively the same, 

^ Qohhf Young Mevmrial 

Monkhouse and Cobb, Oaa Journal^ October 19, 1921. 
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nearly ceases, while with the hard coke it is entirely absent. It is also worthy of 
note that when steam was added to th3 hydrogen current passing over the hard 
coke a steady evolution of ammonia took place, which evolution was not completed 
at the end of the experiment. 

Table 39 (MonkhouSe and Cobb) 

Effect of Conversion of Nitrogei^ from Soft (500° C.) Coke into Ammonia 
AT 800° C. BY Successive Treatment by various Gas Currents 


Test No. 

1. 

2. 

3. 

4. 

5. 

Gas Current . . , . . . 

• 

1 

Nitrogen 

only. 

Nitrogen 

and 

Hydrogen 

successively. 

Nitrogen 

4- Hydrogen 
and Steam 
+ Nitrogen 
successively. 

Nitrogen 

only. 

Nitrogen 
and Steam 
successively. 

Per cent nitrogen as ammonia . 

101 

41-1 

79*2 

10-7 

80-3 

Per cent nitrogen left in coke , 

70-3 

38-3 

Nil 

G9-7 

Nil 

Per cent free nitrogen (difference) 

19-6 

20-6 

20*8 

19-6 

19-7 


Table 39 also confirms that steam is the ammonia-forming agent. It was 
further found that ammonia was formed from the coke throughout the whole period 
of gasification to the ash stage. The amount of steam used corresponded to the 
gases being saturated at 87° to 88° C. » 

A most important point, which is not^ evident from Table 39, is that the rate 
of evolution of ammonia was very much faster in the case of Test 5 than Test 3, 
the only difference between these two tests being that the hydrogen treatment 
stage was eliminated in Test 5. The actual effect of the more early application 
of the steam will be clearer by studying the two curves in fig. 20. 

The time for evolving practically all the ammonia possible in the two cases after 
preliminary action of nitrogen was : direct steaming as per Test 5, about 40 liours^ 
successive hydrogenating and steam as per Test 3, about 230 hours. 

In both cases the coke was gasified completely when the steaming was completed, 
and therefore the tests do not give an idea as to the minimum time required for 
efficient ammonia evolution, but, as will be seen later, the time of treatment of the 
fuel particles (intensity of gasification) plays an important role in the economical 
production of ammonia. 

We may now summarize the effect of the various factors likely to affect ammonia 
formation by coke gasification (at our pre'feent state of knowledge) by saying : — 

(1) The nitrogen in the coke is in a very stable state and 
under gasification conditions favourable for ammonia formation the 
nitrogen is* gasified Jointly with the coke. 

(2) The admission of steam is a sine qua non of converting 
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the nitrogen in coke into ammonia, probably the nascent hydrogen 
formed by the decomposition of the steam combines with the nitrogen 
in the coke to form ammonia. , 

(3) The mineral constituents of the coke affect the conversion of 
the nitrogen into ammonia. 

(4) The nature of the coke affects the rate of ammonia forma- 



Fi(5. 20.— Rate of Evolution of Ammonia prom Cokjs. 

tion, thus the length of time required to complete the formation of 
the ammonia from a certain coke should be borne in mind. 

(5) The amount of ammonia formed by gasification is not in 
stable equilibrium, at the temperature of formation, with the 
nitrogen and hydrogen ; it is prevented from decomposition mainly 
on account of the slowness of this action.^ 

(c) Formation of Ammonia in Gas Producers 

The gasification of a volatile fuel progresses gradually as the fuel travels through 
the gas producer, and thus there is no distinct separation between the nitrogen 
evolution in the volatile matter zone and in the coke zone, which merge more or 
less into one another. The conclusions arrived at in the preceding pages regarding 
the formation of ammonia during the evolution of the volatile matter and the 
gasification of the coke can nevertheless be applied directly to the continuous 
gasification of a fuel in a producer. It therefore only remains for us to consider ^ 

1 Since prepari^ thie manuscript for the above the works of Gro&nwood and Hodsman {J,8.CJ.t 
Aug. 15, 19^) and Mott and Hodsman (Jan. 6, 1923) upon the dissociation of ammonia have been 
published: 



FACTORS IN GAS PRODUCER PRACTICE 91 

the results of ammonia yield's obtained in actual gasification practice, as well as 
the economical aspect of the ammonia formation by means of steam. 

The only works research regarding the effect upon the ammonia yield of varying 
the steam quantity introduced into the producer was carried out by Professors 
Bone and Wheeler,^ whose results of testing a Mond producer are referred to in 
Table 40 below, and used as a basis in th^ preparation of the curves in fig. 21. 



Fig. 21.— Ammonia Production in Mond’s Producer. 

Using the steam quantity applied as abscissae three curves have been plotted which 
show the variations in (1) the yield of the nitrogen in the fuel as ammonia, (2) the 
volume percentage of hydrogen in the final gas, and (3) the total quantity of steam 
decomposed. The steam quantity used, or decomposed has been expressed as lbs. 
of steam per lb. of fixed carbon gasified, which is a more justified denomination 
than the usual method of referring the steam quantity to the unit weight of coal 
since the steam in the producer reacts with the fixed carbon and fixed nitrogen 
respectively anS. generally^ not with' the “ volatile constituents of the fuel. 

^ Bone and Wheeler, Journal of Iron and Sted Inst.^ No. 1, 1907. 
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Per cent of 
Nitrogen in 
Coal obtained 
as Ammonia. 

ko ^ o ^ O 

615 

O Ud 

o 

CO ^ 

« 

Lbs. of Pure 
Sulphate of 
Ammonia 
made per ton 
of Coal. 

390 

44-7 

51*4 

65*25 

71*8 

900 

950 

900 

Per cent 
Nitrogen in 
Fuel. 

1*39 

1*39 

1*39 

1*39 

1*39 


1-45 

1-45 

Steam decom- 
posed in per 
cent on Steam 
added. 

i 

'T O O O 

6 ^ 6 

00 X CD 

300 

o o 

Lb.s. of Steam per lb. of 
Fixed Carbon gasified. 

1 Decomposed. 1 

1 

•672 

•752 

•84 

•977 

1056 

1-27 

X X 

to ip 

rH 1— K 

Added. ■ 

•77 

•94 

1- 37 

1-88 

2- 64 

(N 

2.55 

1*75 

.Approximate 
Time Factor 
in Seconds. 

7^ C: X t;-* 

(fq 

1 • 

1-45 

a 

2 

CO 

B 

Per cent by 
Volume of 
Hydrogen in 
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From the curves it will be 
seen that the quantity of nitro- 
gen recovered as ammonia in- 
creases with the hydrogen content 
of the gas and with the quantity 
of steam decomposed, which con- 
firms previous research upon the 
e:^ect of the steam upon coke. 
Since, however, the amount of 
nitrogen recovered also includes 
for the “ volatile ” ammonia in 
the fuel, the actual effect of an 
increased steam quantity upon 
the apimonia«yield is larger than 
is directly evident from these 
curves. 

^ Messrs. Bone and Wheeler’s 
results are very typical so iar 
as the relative effect of varying 
the steam quantity in a given 
gas pfoducer is concerned; but 
as soon as the producer design 
is altered the conclusions which 
have been drawn in the past 
from these tests are no longer 
applicable. Other points to be 
borne in mind are especially the 
time factor and the rapid cooling 
of the ammonia formed. 

To show especially the effect 
of an increasing time of contact 
between gas and fuel, Table 40 
has been prepared. 

From this it will be seen that 
if a longer time contact is given 
(which also means slow gasification 
of each fuel particle) much higher 
ammonia yields can be obtained 
for such low steam quantities as 
used by Measrs. Bone and Wheeler 
in their test on the Mond pro- 
ducer. It will be further realized 
• • 

^ Rambush. West of Scotland Iron 
and Steel Institute, Session 1922-1923. 
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that the ammonia yield when using less than half the quantity of steam used in the 
Moiid process remains unaltered so long as the time factor is suitably increased. 

Since in the last two tests referred to in Table 40 the quantity of mdecomposed 
steam is less than for the corresponding blast temperatures employed by Messrs. 
Bone and Wheeler in their tests it is clear that the protecting action of the presence 
of large quantities of undccomposed steam is not as essential a factor in the ammonia 
formation as has often been maintained by various past investigators. 

From a commercial point o( view it is obviously of great value that it is possible 
to obtain the same quantity of ammonia by using a considerably smaller steam 
quantity than has hitherto been the case, for ammonia can then be recovered from 
a fuel without any extra heat having to be expended in supplying steam in excess 
of that generally used in gas producers which arc worked without ammonia recovery. 

Considerable research regarding the effect of the time factor upon the ammonia 
yield has been carried out by the Power-Cxas Corporation Jjtd., Stockton-on-Tees, 
during the last four years. Two of the results which have been obtained by this firm 
are referred to in Table fO, 

The ellect of rapidly cooling the gas after the formation of the ammonia has 
been investigated by Sachs,^ who nearly doubled the ammonia yield by rapidly 
chilling the gases as they left the hotter zones. This is a most important point, 
which is not always borne in mind in practice, mainly because an effective chilling 
is difficult to arrange for ifl the j)lant. Jt has been claimed that this chilling can 
be effected in the Moore by-j)roduct i)roducer (p. 291). and doubtless this is a 
justifiable claim, although complete chilling cannot always be thus achieved. • 

A further method whereby the ammonia yield can be increased is by mixing 
lime with the fuel. ITollingshead and Chadwick ^ Tiave proved from several years’ 
o])eration on a Mond by-product producer plant, where 1 to 2 per cent slaked lime 
was added to the coal, that it is possible to increase the ammonia yield by more 
than 1 5 per cent without any other modification in the normal method of operating 
a Mond plant. The exact effect of the lime upon the coal may be an earlier liberation 
of the fixed nitrogen, or it may be that the lime fixes such acid gases as chlorine in 
the producer, whereby the ammonia is more easily recovered from the gas. 

Too much lime can be added, since the ash then becomes too fusible, and for 
this reason the quantity which it is most economical to add to a particular fuel will 
depend u])on the fusibility of the ash in the latter. 

In addition to the conclusions mentioned on pp. 84 and 89 we may summarize 
the factors that affect a high ammonia yield in a gas producer, as ‘ 

(1) The quantity of steam required is greater the lower the time factor. 

(2) A quick cooling of the gases containing ammonia should be effected. 
(3^ The addition of lime within, limits should be carried out wherever 

possible.* 

Note.— The ammonia on a by-product ])roducer gas plant is generally recovered 
as ammonium sulphate, and hence it is customary in practice to express the ammonia 
yield in unit weight per ton of fuel gasified, e.g. lbs. of sulphate per ton of coal gasilfted. 

1 K. Sachs, Diss., Karalruhe, 1913. ® British Patent No. 16,108, 1911. 
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A better way for comparative purposes of expressing the ammonia yield is to state 
the percentage of the nitrogen in the fuel which is recovered as ammonia. 

To enable a quick comparison of these two methods of stating the ammonia yield 
the curves of fig. 22 have been drawn. Oji this the nitrogen content of the fuel has been 
plotted as abscissae against lbs. of sulphate yielded per ton of coal as ordinates, while 



Per Cent. Nitrogen in Fuel 

Fio. 22. — ^Nitrogen Recovery Efficiency and Ammonia Yield. 


a series of lines have been drawn to cover tire range of the nitrogen recovery efficiency 
generally met vith in producers (from 75 to 50 per cent). • ^ 

Since the Sales Market for ammonium sulphate nowadays demands as a standard 
that the ammonia content in the sulphate shall not be below ^^25 per cent, and since the 
sulphate made in practice is never obtained in a theoretically pure stat^ (25*75 per cent 
NHg), fig. has been prepared for a sulphate containing 25 per cent of ammonia. It 
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will be thus clear that the “ pure ” ammonium sulphate yields in lbs. per ton will be 
about 3 per cent lower than those obtained from the curves. 

To obtain the sulphate yield in kg. |>er metric ton the figures obtained from the 
curves for lbs. of sulphate per ton of coal shoul^ be divided by the factor 2*24. 


2. Condensable Hydrocaebons and Carbohydrates such as Tar Oils, etc. 

These bodies are derived from the volatile constituents of a fuel, and although 
modern fuel research still enddkvours to solve that complicated and important 
problem “ the constitution of a fuel,” most present-day practical gas engineers 
would be quite content with an established standard method for determining what 
are the qualities and quantities of gas, tar, liquor, and coke that can be obtained 
from a certain fuel under working conditions, as well as a better guidance regarding 
the best use that can be made in industry of the various condensable bodies obtained 
during gasification and distillation. Each different fuel will yield products ,that 
are typical of its kind, but the bodies yielded will differ considerably, depending 
upon the temperature conditions under which these products are evolved, and 
removed from the fuel. 

The last fifteen years’ developments concerning coal treatment have shown 
that the properties and quantities of oils evolved from a certain fuel at low tempera- 
tures differ entirely from t^ose evolved at high temperatures, the quantities, and 
probably also the commercial value, decreasing with an increase in the temperature 
of treatment. 

To maintain the temperature of the fuel treatment so low as to yield the most 
valuable condensable hydrocarbons in low temperature retorts involves the con- 
struction of a cumbersome apparatus, which is not only expensive to build, but 
to operate. When it is borne in mind that gas producers can be so designed and 
oi)erated that the fuel is gradually and slowly heated up by the utilization of the 
sensi}>le heat of the gases from the lower part, it will be obvious that in such an 
apparatus we are likely to find ideal conditions for a low temperature fuel treatment 
without any extra operating costs. 

These remarks are made in regard to the production of tar only from a fuel 
by either the one process or the other, although obviously the producer gas process 
leaves only ash as a residue against the coke from the retorting process. 

It is a well-known fact that by distilling coal in 'retorts under vacuum, more 
valuable and lighter oils are obtained than when the distillation is carried out at 
ordinary pressures. 

But what are the distillation conditions in a gas producer ? The tarry vapour 
from the coal is evolved in a gaseous atmosphere at a very much smaller partial 
pressure than in distillation gas practice. *For this reason it may perhaps be regarded 
as a reasonable contenfion that the tar obtained by distilling a fuel by direct contact 
with hot producer gas is likely to be more akin to “ vacuum tar ” than the tar which 
is obtained by distilling th& coal by indirect heating. 

The designs of various gas producer types in which low temperature treatment 
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of fuels is aimed at are described on pp. 294-313. At the present stage we are only 
concerned with a general survey as to the quantities and types of liquid hydro- 
carbons and carbohydrates that we are likely to obtain from various classes of fuels 
by treatment at low temperatures, an*d what is the effect upon the quantity and 
quality of the condensates when the same fuel is treated in a gas producer. 

The present state of the research uj)on the constitution of a fuel is generally 
looked upon as a closed book by the practical gas engineer. It is therefore in 
practice generally accepted that the best means to judge the “ tar ’’-making quality 
of a certain fuel is a distillation test of the fuel. In the following we shall therefore 
see what products are likely to exist in and can be commercially recovered from 
the condensate obtained by the distillation of various fuels. Whereas the nature 
of the condensable distillation products alters with the nature of the fuel, no such 
rule can be laid down as to the quantity. 

The origin of all fuels is vegetable matter, mainly the cellidose of various plants, 
in addition to certain waxes, resins, and ^ other bodies of vegetable i)rigin ; the 
cellulose, however, being the main constituent. 

The result of distilling various types of oelluhse is given in Table 41, as well as 
the results of distilling rice-starch and sugar.^ From this table we find that^the 
acetic acid, aldeliyde, and ketone yields do not vary to anything like the degree 
that the tar yield does. Sugar especially shows a very great difference from the 
other bodies, although its composition by chemical analysis is the same as both 
cellulose and starch, viz. X(C;FIi„0,). 


* Table 41 

W^EiGHT Percentages (on Dry Substance) of Products by disttllinc; 
TO 500° C. VARIOUS Materials of Vegetable Origin 


Research by . 

Klasori, Heideastam, Norliti. 

Bantlin. 



Cellulose made from various Woods. 




Distillation Produfts . 

(.iotton. 

Pine 

Wood. 

Fir 

Wood. 

Bircli 

W«)od. 

Iteeeli 

WfMXl. 

Cellulose. 

Hlce-stareh. 

Siijr.ir. 

Charcoal residue . 

38-82 

36-93 

34-86 

33-39 

32-91 

32-97 

28-6 

12-2 

Water .... 

34-52 

34-17 

29-99 

29-35 

31-88 

31-67 

29-7 

6-29 

Tar .... 

418 

485 

628 

958 

523 

3.25 

269 

55.04 

Acetic acid . 

1-39 

2-18 

2-79 

3-89 

3-50 

3-28 

5-29 

8-78 

Aldehydes . 

5-14 

4-22 

8-50 

7-72 

8-67 

5-82 

5-66 

6-15 

Ketones 

-07 

-08 

-J3 

-15 

•26 

-11 

1-11 

-34 

Ga^es .... 

14-84 

16-71 

16-27 

15-48 

16-40 

17-33 ■ 

22-7 

5-96 

Tar evolution range ° C. 






0 

1 

210 to 350 

250 to 370 


Bantlin, J. f. Qaabcl.t January 10, 1914. 
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Bantlin further examined the elementary composition of the tars from the 
cellulose, starch, and sugar, with the result given in Table 42. 

Table 42 

Analysis oe CELLULosEi Tars (Bantlin) 



Tar made from 

Cellulose. 

Starch. 

Sugar. 

Carbon .... 

52-20 

45-02 

38-91 

Hydrogen 

G-8() 

6-31 

G-19 

Oxygen .... 

• 

40-94 

48-G7 

54-90 


It is, of course, clear that cellulose is not a material that is likely to be used as 
a commercial fuel for gasification, but since it is the main constituent of wood .it is 
thought that the statements given will be of more than theoretical interest. 

Table 43 shows results of distilling various kinds of woods, as reported by the 
Imperial Institute, typical among which results is the high tar yield from pitch 
pine, the most resinous of the woods referred to. 

Table 43 


Results obtained by Distillation of various Tvfes of Woods 
(Bulletin of hn-perial Institute) 



Average Results of small scale Trials made at 
Iin])erial Institute, Londf)n. 

Factory 
Distillation 
Results with 
Oak Wood. 

Pine 

Wood. 

Olivo 

Wood. 

Black 

Wattle. 

Oak 

Wood. 


IN'r cent. 

Per cent. 

Per cent. 

JVr cent. 

Per cent. 

Charcoal . 

29 

29 

27 

25 

26 

Tar separated . 

12*9 

7-4 

6-0 

1 

6-4 

4*5 

Acetic acid 

2-2 

3-0 

! 4-7 

4-4 

3-8 

Methyl alcohol 

•G 

1-G 

1-2 

M 

1-1 


Woods and waste materials of vegetable origin are available all over the world 
for gas-mal’ing purposes, but, as was also apparent from the cellulose distillation 
products, DO rule 'can be laid down regarding the likely yield of possible by-products 
without testing the actual vegetable fuel to be used. 


7 
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Table 44 

Results of distilling Tar from various Peats 


Type of Peat. 

Moisture 
('onteut 
of Peat 
per cent. 

l\ir. 

Pit cent Composition ol Tijr. 

.Vsphalt 
or Pitch. 

Creosote 
and Loss 

Yield. 

Speeifle 

Gravity. 

Liuht 

Oils. 

Ui'avy 
^ Oils. 

Para Hill. 

Oils. 

Wax. 

1. Hard dark brown i)eat . 

33-6 

49 


8-9 

22-56 

39-7 


22-6 

6-21 

2. Brown soft peat 

36-2 

519 


7-32 

21-66 

46-0 

.i. 

12-77 

12-22 

3. Black peat (Bavarian) . 

19 

4 to 6 








4. Light yellow-brown peat 










(Holstein) 

9 

234 








6. Heavy close ptjat (Hol- 










land) .... 

Air-dry 

67 

•98 

11-44 

12-21 


1-7 

55-19 

19-46 

6. Heavy close peat . 

Dried 

1073 








7. Hard black |)eat (Aus- 





. 

^ , 




tralia) .... 

8-6 

27 


61 

68-9 


23 


8. Hard dense Irish peat . 

17 

94 

•986 


74 


6-5 

26 

« • • 


In Table 44 eight results of feat tars have bewi tabulated. 1-6 are given 
by Hausdingd 8 by the Fuel Research Board (1921), and 7 obtained by the 
author. It will be seen that the physical properties of a peat, such as colour and 
density, are by no means a guide as to the tar yield which can be obtained. 

Table 45 

Carbohydrates obtained from Liquor Condensate from Peat 
Distillation 



Peat 5 

and 6. . | 

Peat 8. 

Lbs. i)or ton. 

Kg. per 1000 kg. 

Lbs. per ton. 

Kg. per 1000 kg. 

Acetic acid .... 

13-4 

6-0 

7-5 

3-35 

Higher fatty acids . 

LB 

•8 



Methyl alcohol .... 

6-5 

2-9 

1-44 

•64 

Acetone 



M4 

•51 


, Peats yield a smaller quantity of carbohydrates of the saturated paraffin 
series than in the case of woods ; see Table 45, which rpfers to the fatty alcohols, 
acid, and ketone yields obtained from distilling two of tjie peats in, Table 44. 

^ Hausding, Torfgewinnung und Torfverwertungy Berlin, 1917. 
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Peat Tars obtained in Gas Producer Practice 

A Hannoverian peat of the following approximate analysis treated in a Mom 
gas producer yielded 1 per cent dry tar : — 

Moisture content . . . • . .35 per cent. 

f Volatile matter . 54-6 

On dry fuel Fixed carbon ” . 37-4 

I Ash \ . 8-0 

After dehydration the tar, which contained 33 per cent of moisture, wai 
distilled with the following result — 

Fraction up to 1 W C. . . I -5 per cent (pale yellow oil). 

]70'^-230°C. 4*4 ,, (light brown oil). 

230”-270° 0. . 13-4 ,, (red brown oil), 

above 270"’ C. . 57-0 ,, (red brown fatty substance). 

• ■ 20-7 ,, (hard). 

Loss 3-0 

An IlaJ'um peat of the following analysis wdicii gasified in a similar producei 
yielded ()-8 per cent of wet tar as a sales product : — 

Moisture content . . . .15 percent. 

1 Ash , 22-.5 „ 

On dry fuel Volatile matter . 49-5 

I “ Fixed carbon ” * 28-0 

The f.ar contained about 12 jier cent moisture, and w^as sold in two grades : 

Light tar . . . . 28 per cent. 

Heavy tar . . 72 

Stansfield, Gilmore, and others ^ report upon the effect of distilling a Canadian 
(Shand) lujnile at various temperatures, rates of heating, and distillation methods. 
The analysis of the lignite was as follows :~ 

Moisture content 32-6 per cent. 

f Ash .... 12*5 

J.-J JJ 

Volatile matter . 39-2 

Fixed carbon 48*3 „ 

c. . . 62-5 „ 

On dried substance ■ Hydrogen . 3.9 

8 +N+O . ^ 2 M ” 

Heating value : 

Cals./kg 5,690 

B.T.U./lb. . 10,240 

* Sessional paper No. 26o, Department of Mines, Canada, 1919. 



100 


MODERN GAS PRODUCERS 

Table 46 gives their results as to the examination of the tar produced by various 
methods of treatment, viz. ra 2 )id or slo\^ heating of either dried or crude fuel in a 
retort placed in a lead bath, or rapid heating without a lead bath. 


Table 46 

Tar Results— Shand Lignite Carbonization 



Crude Tar Oil. 


Dried Tar Oil. 


Temperature ” C. 

Tar 
Yield 
per cent. 

Water 

Density. 

Yield 

per 

2000168. 

Dry 

C«al. 

Calorific 

Value 

Distillaticm 

Results. 


Content. 

B.T.U. 

I)c» lb. 

Uj) to 1 
310“ C. 

Pitch 

Residue. 


Ter cent. 

IVr cent. 


Gals. 


Percent. 

Per cent. 

Rapid licaiing : 








350 

1 







400 

29 

1-5 

0-98 

60 

17,260 

60-9 

^81 

475 

42 

' 77 

099 

7*9 

17.250 

55*6 

42*9 

555 

41 

9*4 

100 

! 7*5 

17,040 

64*2* 

34*7* 

605 

42 

3-3 

100 

8-1. 

17,030 1 

53*7 

43*4 

690 

39 

5-2 

100 

7*3 

16,970 ; 

65*2 

32*5 

Rapid heating, no lead 
batli ; 





1 

j 



750-800 

Rapid heating, dried coal : 

37 

22-8 

101 

5*8 

17,100 1 

42*6 

57 1 

550 

Rapid heating, dried coal, 

34 

2-3' 

0-97 

6*9 

17,410 

58*6 

40*7 

no lead bath : 








760-800 

30 

310 

0-98 

4*6 

17,130 

! 42*0 

56*5 

900-950 

30 

31-3 

0*99 

4*2 

17,280 

40-5 

58*7 

Slow heating : 








450 

43 

9-6 

0*99 

•7*8 

17,110 

62*7 

36*2 

550 

45 

1-8 

0*99 

8-9 

17,020 

60*5 

38*3 

655 

40 

6-6 

0*99 

7 6 

17,560 

60*0 

38*5 


♦ Out at 325'' 0. 


Very little tar is given off below 350° C., and the highest tar yields were obtained 
by slow heating of the crude fuel to about 550° C., although the results by rapid 
heating are not very much less ; furthermore, slow heating would appear to yield 
a lighter tar. On the other hand, rapid heating to higher temperatures than 600° C. 
decreases the yield of tar considerably. This is also the case when distilling the 
previously dried fuel. ^ 

In fig. 23 is shown in a diagrammatic way the amoupt of volati^le matter driven 
off and the calorific value of the carbonized residue, when distilling the fuel sampler 
at variofts temperatures under the following physical conditions : — i 



Percentage Loss tn 


FACTORS IN GAS PRODUCER PRACTICE 


101 


1. Kegular carbonization (1 1 hours’ duration). 

2. Carbonization under vacuum (25 mm. mercury). 

3. Carbonization under pressure (maximum 120 lbs. per sq. inch). 

4. Slow carbonization. 

5. Carbonization with additional steaming. 


" Temperature °F. 

too zoo 500 4C0 600 BOO TOO BOO 900 1000 TIOO 1200 1300 1400 1500 1600 





mmKom 


R eferenc e. 

Regular Carbonisation 
Vacuum t, 

Pressure ♦* 

Slow 
Steam 


Percentage Loss oP Weight 
-j (Volatile Matter) 
\Calculated on Moisture Free Basis. 




400 500 600 

Temperature °C 


800 900 


Fig. 23. — Results ob’ Carbonizations of Lignite by various Methods. 


It will be seen how very closely the various curves follow one another, except 
the curve obtained under steaming conditions (due probably to the partial gasifica- 
tion by the steam of the* carbon in the fuel). Interesting as these tests are, it is 
to be regretted that no research was made as to the qualities of the various iiistilla- 
tion products obtained by the different methods of distillation. 


B. Th. U. per Pound. 
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Benson and Cinfield ^ distilled a H^nite from Newcastle, U.S.A., of the following 
analysis : — 


Moisture . 

f. 

12-1 per cent. 

Ash 


, 10-41 „ 

Volatile matter 

1 • 

. 36-8 

Fixed carbon . 


. 40-7 „ 

Sulphur . 


. 0-34 „ 

Nitrogen 


■ ‘ 1-37 „ 

Calorific value . 


. 10,410 B.T.U./lb. 


which on distillation to various final temperatures gave the tat results given in 
Tables 47 and 48. 


Table 47 

Tar Results from distilling American Lignite at various Temperatures 


Final 

Temperature 
of Coal 
Distillation. 

Liquor 
Condensate 
per cent 
on Coal. 

Dry Tar 
per cent 
oil Coal. 


Di.st illation Products of Tar in per cent. 


Oils. 

Paraffin. 

('oko. 

Loss. 

To 

150^ 

1.50'- 

300“. 

Above 

300". 

Hard. 

Soft. 

"l50 

6-9 









200 

8-7 

•5 * 








250 

15-2 

1-9 

10-3 

^ 42*1 

3,3-1 

3-9 

1-3 

9-6 

4-9 

,300 

15-5 

2-8 

10-7 

42*5 

33-4 

5-0 

1-8 

10-0 

3-4 

,350 

16-3 

3*5 

11-3 

41-9 

33-9 

5-5 

2-1 

9-7 

3-2 

400 

15-7 

3-2 

10-5 

41-7 

33-2 

5-2 

1-9 

10-3 

4-3 

4,50 

15-9 

2-8 

9-3 

41-4 

31-4 

3-4 

1-5 

13-6 

4-3 

500 

15-4 

2-3 

7-8, 

41-5 

29-8* 

2-1 

1-4 

1,5-9 

5-0 

550 

15*5 

1-6 

5*9 

41-2 

29-2 

•9 

•7 

17-6 

6-1 

600 

15-1 

1-0 

3-9 

40-9 

27-8 

•6 

•5 

21-1 

6-3 


Table 47 gives the various yields of tar and liquor condensate in per cent on 
the coal, as well as the analysis of the tar by distillation to the coke stage. 

Table 48 gives the specific gravities of the oil fractions obtained by the dis- 
tillation of the tar as per Table 47. 

Of special interest in these tests is the fact tha^t between the temperatures 
350° to 400° C. a decomposition takes place of the tar-forming constituents of the 
volatile matter of this particular fuel. • 

A maximum tar yield of 3*5 per cent is obtained at 350° C., while tar evolution 


Journal Ind. and Eng. Ghem.^ 1920. 
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is practically absent below 200° C. A somewhat extraordinary point about the 
tests is that the presence of the cyclic bodies, benzene, toluene, and solvent naphtha, 
was claimed to have been proved in the light oils, and further, that both naphthalene 
and anthracene were present in the oil fractions between 150° and 300° C. This, as 
will be seen later, is not the case with low temperature tar from an ordinary bitu- 
minous coal, which generally shows a parafftnoid character and is typical in the 
absence from it of naphthalene and most other cyclic bodies. A soft 'pitch only 

Table 48 

Specific Gravity of Tar Oil Fractions in Table 47 


Temperature °0. 

Oil Fractions. 

. To 150”. 

160”-300”. 

Above 300”. 

250 

•807 

•905 

' -939 

300 

•815 

•908 

•950 

350 

•812 

•915 

•957 

400 

•815 

•920 

•968 

450 

•816 

•935 

•966 

500 

• -816 

•938 

•978 

550 

•818 

•946 

•983 

600 

•821 

•955 

•985 


could be obtained from the tars which produced by the distillation of the fuel 
above 500° C. This experience is not contradictory when the property of the pitch 
made from many low temperature coal tars is considered. 

Neither of the two American lignites referred to in the preceding contains a large 
quantity of tar-yielding bodies, but that this is not a specific property of lignites 
will be clear from the results obtained ^ by distilling three Bosnian brown coals as 
per Table 49. In this table is stated not only the composition of the tar as obtained 
by fractional distillation, but also the results of separating the tar in a chemical 
res])ect into its various main constituents, which, at the present stage of incomplete 
knowledge of the composition of low temperature tar oils, is probably the better 
way to enable us to judge the commercial value of a tar. 

The tar-yielding properties at low temperatures of ordinary bituminous coal 
have been investigated by many researchers, amongst whom may be mentioned 
particularly Dr. Wheeler in England, Pictet in Switzerland, Parr and Olin in America, 
and the Institute for Scientific Coal Investigations in Germany. 

The three first-mentioned researchers succeeded in obtaining oil condensates 
from bituminous coals approaching in nature those from crude petroleum oils ; 
but since the test conditions were such as were not likely to prove successful in 

^ Strache and Dolch, Mitl. d. Inst.f. Kohlenvergasung u Nebenp., November and December 1919. 
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commercial scale treatment, we shall not refer to their work otherwise than by 
saying that it has been the foundation stone of the more industrially successful 
work since carried out on the subject of low temperature treatment of coal. 

Table 49 

Examination of Tar Yield and Composition from three Bosnian 
Brown Coals, by Distillation, to Red Heat 


Name of Coal ........ 

Kakanj. 

Zonica. 

Breza. 

Fuel : 

Per cent. 

Per t ent. 

Per cent. 

Moisture content 

9-33 

14-9 

17*1 

On moisture-free basis : 


• 


Ash 

8-6 

24-1 

22-8 

Fixed carbon 

52*1 

32*2 

39-6 

Volatile matter 

39-3 

43-7 

37-6 

Nitrogen 

1-06 

•53 

1^33 

Tar ; 




Yield per cent on dry coal .... 

121 

9‘52 

8-7 

„ „ pure coal substance . 

13-9 

12'5 

11-3 

Moisture content 

27-1 


lG-6 

Fractional distillation of dry tar : ^ 




Light oil 

41-() 


46*7 

Heavy oil 

16-4 


25*3 

Pitch * 

38-5 


28*0 

Loss 

3-5 



Result of cliemical separation of tar : 




Creosotic bodies 

20-4 

18-0 

25-3 

Basic bodies 

2-1 

2-8 

2-7 

Asphaltic bodies 

31-2 

37-2 

17-7 

Paraffin 

6*4 

7-2 

8-2 

Neutral oil ( 

15-0 

14-9 

10-2 

Lubricating oil J 

24-4 

20*5 

32-1 

Loss 1 

1 

•7 


3-7 


Tables 50 and 51 give results of distilling English and German coals at 600° C. 
maximum temperature, in the former case ^ in a small laboratory distillation 

^ Dr. T. Gray and J. G. King, Fuel Research Board (Tech. Paper No. 1). 
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apparatus (20 grammes capacity), and in the latter case ^ in a rotary retort of 45 lbs. 
coal capacity. Table 52 gives results of tar yields obtained by dry distillation of 
various coals at a rate of temperature increase approaching that in low-temperature 
gas producers.^ The test results in each table have been arranged in accordance 
with the increasing content of the coked residue on the ash free and dry coal basis 
(“ pure coal substance • 


Table 50 

Tar Yields of Enolish Coals 





Coal Analyais. 












Tf’-ir nil 

Tempera- 

Coal Sample. 

Moisture. 

Orsanlc 

Fixed 


1 Ash free Dry Coal 

yield pe.r 
cent on 

ttirc of 
first Oil 
Vapour 


Volatile 

Ash. 



Coal. 


• 

Matter. 

Carbon. 

Volatile. 

Coked 

Residue. 

‘'C. 

1. Cheokland Co., Ltd. ; 









Coloorton house coal . 

9-98 

35*84 

50*04 

4*14 

4173 

58*27 

1405 

380 

2. Mappcrlcy Colliery Co. : 





Mapperley small nuts . 

3. Koasinjjton Main Col- 

7*23 

34*74 

51*11 

0*92 

4047 

59*53 

118 

360 

liery: Doncaster. 

4-71 

29*09 

44.32 

21*88 

3963 

60*37 

98 

350 

4. Wentworth Silkstone 





(^ollicry, Barnsley : 

• 








house coal . 

6. Wifjan Coal and Iron Co.: 

132 

36*31 

58*55 

3*82 

3828 

01*72 

158 

390 

Mewcastle Main Manton 
hard steam. 

4-G8 

34*85 

50*60 

3*87 

3812 

01*88 

15-2 

390 

<3. Clifton Colliery, Notting- 




• 

ham : Dalton Main 

7. llossington Main : Don- 

1-62 

33*00 

.5t»38 

8*40 

3734 

02*06 

1406 

360 

caster 

8. Alloa Coal and Iron Co., 

(i-37 

33*40 

56*26 

3*97 

37 26 

62*75 

13 10 

350 

Carnoek Colliery, Ban- 
nockburn : Bartley 









coal .... 

9. Nixon’s Navigation Col- 
liery : Nixon’s large 

0-92 

25*67 

71*54 

1*87 

2640 

73*60 

985 

370 

Welsh 

10. Bwllfa Merthyr Dave 

0-88 

12*92 

83*10 

3*04 

1345 

86*55 

20 

400 

(J(d liery : Bwllfa large 
Welsh 

0-90 

10*09 

80*96 

8*05 

1108 

88*92 

11 

■ 490 


No absolute comparison can be made between the tar yielding results given in 
these three tables, since the methods of distillation differed considerably. All the 
same, we may perhaps draw the following conclusions : — 

(1) Bituminous coals containing less than 15 per cent volatile matter (on pure 
coal substance) are not likely to yield so much tar that this can be regarded as a 
valuable by-product. • 


^ Dr. F. Fischer, Abhandlungen zur Kenntnisa der Kohle^ 1918-1919. 
* Rambush, Soc. Chem. Ind., December 31, 1921. 
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Table 51 

Tae Yields of German Coals 


Coal Type and District. 

Haw Coal contains 

Asii free Dry Ctwil 
contains 

Dry Tar yield 
per cent on 

Specific Gravity 
of Tar at 

Phenol 

Moisture. 

Ash. 

Volatile 
! Matter, 

Coke<l 

Itesidiie. 

Raw 
Coal. 1 

Ash free 
Dry (k)al. 

1 25" C-. 

50 ’C. 

( ontent 
of Tar. 



Per cent. 

Per cent. 

Percent, 

Percent. 


oi .o 




1. Cannel (Rheinland) 

10 

18-4 

561 

43-9 [ 

Zo-D 

29-7 

0i‘O 

369 


-905 

5-10 

2. 


1*2 

13-5 

462 

63-8 1 

13-6 

15-6 

158 

18-3 

496 

•936 

•965 

20 

20 

3. Upper Silesia 


12-79 

8-41 

427 

57-3 { 

61 

6-3 

7-74 

799 

1-008 

•99 

40 

40 

4. Long flamed 
(Saar) . 

coal 

] 7-8 

1-8 

398 

CO-2 ( 

7-2 

7-7, 

8 

8-5 • 

1-022 

l-(K)8 

1-005 

•99 

40 

35 

5 Long flamed 
(Saar) . 

coal 

1 2-0 

2-3 

391 

60-9 [ 

11- 5 

12- 5 

122 

135 

1-006 

1-014 

•98 
•991 1 

40 

35 

6. Upper Silesia. 


2-54 

4 74 

385 

61-5 { 

10-2 

11-0 

no 

1186 

1-012 

•992 

30 

35 

7. Lower Silesia . 


3-4 

3 

365 

63-5 j 

7 

C-.5 


1-025 

1-035 

1-005 

.1-015 

. 35 
*40 

8. Upper Silesia . 


1-87 

2-01 

32 

68 ( 

5-75 

7-10 

598 

739 

-988 

1-020 

•960 

•988 

35 

35 

9. Long flamed 
coal (Ruhr) 

gas 


3-G 

315 

68-5 [ 

. 

11 

106 

11-4 

1-010 

1-040 

•988 

l-()15 

35 

37-5 

10. Lower Silesia . 


•9 

4-1 

259 

74-1 J 

3 

35 


1-02 

1-015 

10 

1-0 

30 

30 

11. ^hort flamed “fat” 
coal (Rhcinlanrl) 

1 

M 

202 

79-8 j 

3-8 

3-8 

39 

39 

1-09 

1-07 

1-008 

1-055 

20-30 

20-30 

12. Short flamed ‘ 
coal (Rhur) 

‘fat” 

1 

1-0 

14-7e 

85-3 j 

1-4 

1-4 

1-04 

1-02 

0 


Of the two lines of tar data for each separate fuel the top line refers to dry distillation and 
the lower line to distillation with simultaneous steaming. In both cases the retort M^as heated 
from the outside. 


(2) Bituminous coals containing over 25 per cent volatile matter (on pure coal 
substance) are likely to yield a commercial quantity of tar ; so that for such coals 
tar recovery should be carried out where possible. 

(3) The quantity of tar yielded cannot be predicted from the ordinary fuel 
analysis, since it stands in no definite relation to the content of volatile matter in 
a coal. 

(4) The higher the tar yield, the lower is the specific gravity of the tar likely to be. 

(5) For ordinary bituminous coals (not cannels) the “ phenol content ” of the 
tar increases with the volatile matter. 

Dr. Fischer reports an exceptional case* of a bituminous coal from Tstria yielding 
15>18 per cent tar which contained only 10-15 per cent phenols. Perhaps this fuel 
wis more akin to the cannel coals, which, as will be seen, are also an exception to the 
general rule. 

(6) The admission of steam during distillation appears to increase the tar yield ; 
but whether this is due to the physical or chemical action of the steam cannot be said. 
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Ta^le 52 

Tar Yields of various BiTUMiNOta Coals by Slow Distillation 
TO 800° C. Final Temperature. 


Fuel District. 

1 Fuel. 

o • 

OJ 

Per cent of Dry Tar 
or Oil on Ash free 

Dry Coal. 

Fractional Distillation 
of Dry ('ondensed Tar. 

Raw Coal 
containR 

Asii free Dry 
(’ory contains 

Oi 

s 

o . 

5-' C 
0.0 

1 Moisture. 

; 

A 

< 

V olatile 
Matter, 

o 

Ci o 

« 

Time in Hours 
Distllla 

£ 
a C 

1 

Oils Absorbed. 

Total Tar and 
Oil Yield. 

d 

b 

V 

b 

d 

b 

(W 

b 

w 

(M 

c 

a 

« 


IVl UMlt. 

For cent 

!■« r cenl 

IVl fLMit. 





_ 



Nortli Europe 

1-7 

18-9 

463 

53*7 

n 

13-3 

10 

143 

37-8 

32- 1 

30- 1 

Hootland. 

7*4 

11-9 

•37 

63 

6 

8-6 

0-5 

90 

28-3 

39-6 

32- 1 

Nottinghamshire . 

3-8 

11-6 

36 

04 


8-3 

0-6 

89 

27-6 

32-2 

40-2 

South Africa . 

6-2 

191 

356 

64*4 

n 

3-6 

0-9 

45 

28-4 

62-4 

19*2 

Y orkshire 

7-35 

7-5 

34 

66 


90 

1*2 

10-8 

29*5 

.35-8 

34-7 

South Wales . 

0-65 

13-2 

302 

69-8 


9*3 

0-9 

102 

250 

33-3 

41-7 

South Africa . 

1-8 

18*3 

267 

73-3 

6| 

51 

1-3 

64 

18*5 

300 

51-5 

France . 

0-5 

10-2 

17-4 

82-6 

6 

1-8 

0-3 

21 





(7) The form<ation of tar-oil vapour from the coal at atmospheric pressures 
generally takes place between 350° and 400° for coals yielding a commercial 
quantity of tar. * *» 

0. C, Berry ^ rei)orts that tar evolution from a Iarge*number of varieties of American 
bituminous coals starts as low as 300° C., is K maximum between 375° 0. and 475° C., 
and ceases below 550°-600° C. 

These very variable tar-yield results show clearly that the tar-yielding 
properties of a coal should only be determined by the direct method of distilling 
olf the tar from a sample of the particular fuel to be employed. A comparison 
between the tar yields and qualities obtained in gas producer practice and that 
obtained by the laboratory tests will be given later, but we would mention here 
that by chemically separating the coal into its various constituents, as is the trend 
of modern researcli on coal constitution, w^e may perhaps find a better guide whereby 
to determine the tar-yielding property of a fuel, when its content of various main 
constituents is known. 

For instance, Schneider,^ by stagewise extracting a German brown coal shale 
by benzol and ether, split the coal substance up into : 

(a) Kesinous matter. 

(b) Wax. 

(c) Bitumen, and 

(d) Carbon and ash residue plus humic acids. 

^ Tar-forming Temperatures of American CoalSy Bull. 636 , University, Wisconsin. 

^ Abhand. zvr Kenntniss der Kohle^ 29 , 1919 . 
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By distillation of each separate constituent the following results were obtained 

T^ble 53 

Properties of Tar yielded by Distillation of the various 
Coal Components 



Original. 

Coal. 

Resinous 

Matter. 

Wax. 

j_ 

Bitumen. 

Residue + 
Humic Acids. 

Per cent of constituent on original coal 

100 

2 

13 

S 

77 

Per cent tar yield by each constituent : 






On coal 

23 

1-6 

101 

53 

5-3 

From each constituent . 


77 

78 

36 

7 

Properties of tar yielded by each con- 


r ^ 




stituent : 






Sp. gr. at 50° C 

•878 

■952 

•792 

•857 

? 

Solidifying point ° C. . 

35 1 

Liquid at 
ordinary 

1 30-31 

30 -j 

Liquid at 
ordfhary 

Per cent tar acids .... 

( 

9 

temperature 

11 

1 

3 

1 

5 

temperature 

6 

Per cent paraffin .... 

32 

•5 1 

38 

29 

5, 6 


Clearly, in the case quoted the extracted resinous, waxy, and bituminous bodies 

are the main tar builders, each giving 



its specific properties to the tar, the 
resinous bodies yielding more tar acids 
and the waxy bodies more paraffin. 

The effect of varying distillation 
temperatures upon the tar yield from 
a bituminous coal is most clearly ex- 
plained by the diagram shown in fig. 
24,^ which represents the total amount 
of tar, oils, and oil vapours obtained 
by heating the same fuel at various 
constant temperatures, the tar yield 
in per cent on the crude coal being 
plotted as abscissae against the distil- 
lation temperatures as ordinates. 

The shaded part covers on an 
average the distillation test results, 
from which it is clear that, the lower 
the temperature of treatment, the higher is the tar yield likely to be. In other 

t ^ Roser, Dr. Eng., Stahl und Eisen, No. 22, 1920. 


Fig. 24.- 


Tbts/ Tar and Otf Concfensed 
and in hitpourfbrm, 

-Tar Yield in relation to Distillation 
Temperature. 


words, if a high tar yield is to be achieved it is absolutely essential that the fuel 
should be slowly and evenly heated up in the producer, so that the fuel is given 
time to deliver up its tar before it is submitted to tar-cracking temperatures. 

A most important point, which very few,' if any, investigators have studied, is 
the length of time required to complete that tar evolution which gives the highest 
yield at various temperatures. So far as bituminous gas producer operation is 
concerned it is seldom that a fuel is allowed more than half an hour to be heated 
up to 400°-500° C. ; but it should be emphasized here that unless a slow heating of 
the fuel throughout its tar-yielding stage is carried out, the tar quantity and quality 
are likely to be seriously affected. 

Producer gas tars are of typically low specific gravity in comparison with other 
industrial tars. 

Specific Gravity. 


Blast-furnace tars . , -954 

Low temperature carbonization tar 1*05-1*07 

Low temperature producer tar . . . . 1*03-1*07 

Vertical retort tar . . .1*08-1*16 

Horizontal retort tar ..... . 1*18-1*2 

Coke oven tar 1*15-1*2 


The gasworks and coke-oven tars which most distilling firms are accustomed 
to treat, and the tar products which are generally obtained therefrom, practically 
all belong to the cyclic series of organic compounds, such as benzene, toluene, 
naphthalene, and anthracene. Low temperature producer tars show an entire 
absence of these latter compounds, and therefore have a different field of utiliza- 
tion in our various industries, the present exploitation of which field can only be 
regarded as in its infancy. 

A typical low temj)erature producer tar will contain naphthenes, viscous 

oils, and paraffin wax, in addition to a certain quantity of tar acids, which often 
alters with the oxygen content of the coal. Generally speaking, low temperature 
producer gas tars are far more closely related in a chemical respect to crude 
petroleum than to gas or coke-oven works tar. 

If no other use can be found for this class of tar, it can, after dehydration, be 
employed as a crude fuel oil in the state in which it is recovered from the plant, or 
its distilled oil fractions can be used for driving small motors and the pitch for 
briquettes and road-making. In each case the industrial value of the liquid tar 
for these purposes will be several times higher than that of the same quantity of 
heat in the solid coal. 

Quite apart from this fact, it is possible to use the various tar fractions for 
other purposes. The phenols can be used for the manufacture of disinfectants, 
wood preservatives, sheep washes, etc., and for the manufacture of various con- 
densation products made with formaldehyde, such as “ bakelite,” etc. The higher 
resinous tar fractions can be used for the manufacture of lacquers and waxes. 
The viscous oil fractions can be used as lubricants, etc., etc. The possible field of 
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application of producer gas tar products (or, for that matter, other low temperature 
tar products) is a very wide one which leaves a large scope for future research. 

It has been usual to judge a tar by its composition as revealed by fractional 
distillation, but since this does not sufficiently indicate what commercial bodies 
a low temj)erature tar is likely to deliver, a better method is to analyse the tar 
partly by distillation and partly b^ chemical methods, as is the general practice 
in the investigations carried out by the (lerman Institute for Coal Research. 

A typical example of how the tar quabty varies with the class of coal employed 
is given by the comparison of the following two tar tests, A and B in Table 54 ^ -- 

Table 54 



Coal A. 

Coal J4. 

C. 

Coal analysis (dry) : 

Per cent. 

Per cciil . 


Volatile matter .... 

22 

39 


(V)ked residue .... 

78 

01 


Ash 

4*1 

1-65 

Producer 

Carbon 

84-45 

80-7() 

gas tar 

Hydrogen 

4-92 

, 5-54 

Oxygen 

3-14 

7-()7 


« 

Laborat 

ory test 


Tar yield per cent . . • . 

3 

10 

5 

Tar analysis : 




Lubricating oils .... 

15-2 

10 

i 11-3 

Paraffin wax .... 

1 

1-0 

! -8 

Non- viscous oils 

1 33-5 

]e5-0 

17-7 

Tar acids 

]4-0 

• 50-0 

37-8 

Resinous matter 

4-2 

1-0 

•7 

Pitch 

19-2 

6-0 

1 15-0 

Loss and Moisture . 

13-5 

17 

10-7 


These two researchers also refer to the testing of a producer gas tar from a 
Saar coal, C ” (Table 54), the tar yield from which in the laboratory was about 
10 per cent, while the j)roducer gas tar yield was only 5 per cent, a very much lower 
yield than has been found possible by later developments. The practical tar yield 
iu this case is 50 per cent of the theoretical (laboratory low temperature) yield, 
while the author has obtained in regular operation oif English low temperature 

^ Fischer and Gluud, “ Lubricating Oils from Bituminous Coals,” Abh. z. Kenninias der Kbhle, 
Part I., 1916. 
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gas producers a tar yield of 80 per cent or even higher on the laboratory test yield. 
Other tests on this producer gas tar (C) showed the following result 

Heating value of dry tar . . ^ . 8500 cals./kg. 15,300 B.T.U./lb. 


„ „ lightest tar oil fractions 

9600 „ 17,300 

„ „ heaviest tar oil fractions. 

8400 „ 15,100 

,, ^ „ tar-acids in oil fractions 

7800 „ 14,000 

By dry distillation the tar yielded the following fractions : — 

Moisture content 

11*6 per cent. 

Fraction to 275" C. . 

. 21 

Between 275" and 310" 

• 8 

Between 310" and 300" 

]5 

Pitch residue . 

41-0 

Loss .... 

• 

2-8 

Total 

100*0 per cent. 


Concerning the tar acids or i)henols contained in i)roducer gas or low temperature 
tars, these may be defined as being such acid carbohydrates as combine with an 
alkali to form a water-soluble salt, which can be separated from the tar and re- 
converted into far acids after separation by adding a stronger acid, say sulphuric 
acid. As this is the reaction which is characteristic of phenols (carbolic acid) in 
ordinary coal tar, the name “ phenols ” is often used to designate all compounds 
which thus react. ^ * * 

To get an idea as to how the tar acids in the liquor condensate and the tar from 
coal B (Table 54) were composed, these wert analysed, with the following result : — 

Total phenols (tar acids) in liquor per cent by weight on coal. 

Pyrocatechin in liquor =()'()026 ,, „ „ 

Carbolic acid in tar = 0*06 per cent on tar or ()-006 per cent on coal. 

M.O.P. cresols^ in tar =lto2 „ „ ()*]5 ,, „ 

In other words, of the tar acid compounds which are generally contained in 
ordinary coal tar, only a small quantity could be separated from the low temperature 
tar. The presence of dimethyl phenols (xylenoles) and trimethyl phenols and 
homologues was further established, along with other compounds of a similar type 
but probably of a lower hydrogen content. 

A matter of this kind does not come within the scope of producer gas manu- 
facture, but is rather a research problem for a tar-distilling chemist, but it will 
serve as an instance of how complicated is the problem of finding a use for the tar 
acids, when so little about their composition is known. 

The phenols, or tar acids, are to some extent soluble in water, but the author ‘ 
has not found a higher concentration in the circulated liquors of a gas producer 

^ In connection with the “phenol” of vertical retort and blast furnace tar the reader is referred 
to Walrasley ( J. S. Chem. Industry^ 1 922, p. 297t), published since the preparation of the manuscript. 

* About three-quarters the quantity of the cresols was the meta-compound. 
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plant than 0-25 %, and only a fraction of this amount when no circulation of the water 
takes place. On the other hand, the liquors obtained by dehydrating tars mechanic- 
ally may contain a higher quantity of ^ar acids. 

Table 55 shows a series of dry distillation tests as made by the Power-Gas 
Corporation, Stockton-on-Tees,^ on various producer gas tars from bituminous coal. 
Where known the tar yield in per cent on the coal treated is stated, and in three 
cases additional figures are given in italics showing the tar yield and 'tar composition 
obtained by the laboratory testing apparatus. « 


Table 55 

Producer* Gas Tars: Fractional Distillation and Tar Yields 



A 

B 


C 


D 



E 



c 

(rt 

« i 

Mond Oas Plant 

Nottinghamsbir^*. 

Yorkshire Nnts 


Hu 

37% vol. 

Slack 30% vol. mat. 

34% vol. mat. 


.S| 

■ 



(1) 

(2) 


(1) 

(2) 




0 ' c 











o > 

S 


c 


!S 

d . 




Ordinary Pro 
Coal 25% VO 
Low Loa 

10 

H 

u 

o 

p 

r3 

o 

2 

ee 

H 

C 

c 

o 

Semi-low Tern 
Producer Tai 

H 

0 

2 

Semi-low Tom 
Producer Tar 

Low Temp. 
Producer Tar 

H 

• C* 

c 

2 

o 

£. 

Moisture content per cent in 












undehyclratcd tnr . 

27‘2 

24 

38 


100 

2 0 


33 

50 


Distfllcd tar fractions in ptsr 









■ 


cent by weight on dry tar : 
70“-17(r‘ 0. . 

170°-2:i0° C. . . . 
230“-27(rc. . . . 











j 18-2 

f 

40 

•7 

3-3 

0f< 

IfrO 

} 

3 3 

10 

0-8 

10*7 

4v7 

‘Jrl J 

1-5 

7-8 

l‘^n 

1 0 
iO-5 

>/;-7 

r.4 

270°-300'^ C. . 

300"*350^ . 

j 17'5 

22-4 { 

7-2 

141 

201 


10-5 

240 

l!Ht ( 

70 

00 

317 

Above 350° C. 





1 


1 

Residue and loss 

< 54-3 

73-7 

37U 

:iVl 

75*7 

410 

kihS 

37 5 

24 2 


Dry-tar yield in per cent on 
dry coal .... 



3-6 

1'K 

208 

5-2 

7-^.v 

70 

9 5 

10 


From a comparison of tars “ C ” and “ Dj ” with tars “ Dg ” and “ ” and 

“ £ 2 ,” it will be clear that more than 50 per cent of the tar that could be yielded 
is destroyed in the Mond producer, while with the semi-low temperature producers 
“ Dg ” and ‘‘ ’’ the tar yield is about 75 per cent of the laboratory yield. The 

highest tar yield is obtained in the case of the true low temperature producer Eg,” 
where it is very close to the theoretical yield. 

The cause for the different quantities of tar yielded in the ordinary Mond 
producer, the semi-low temperature producer, and the true low temperature pro- 
ducers mentioned in this table can only be attributed to the fact that the fuel upon 
introduction in the Mond producers is at once submitted to an average temperature 
of 500°-550° C., which will cause a sudden evolution and simultaneous decomposition 
of the tar vapours which, as we have seen, are formed at about 350°-400° C. The 
time given for the coal to be heated up to the same temperature in the true low 
^ ^ Ram bush, West of Scotland Iron and Steel Institute, Session 1922-1923. 
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temperature producer is three to four hours, while that of the semi-low temperature 
producer is about one-third of this time. In other words, the rate of increase of 
temperature of the fuel particles should be, borne in mind, while the tendency to 
scorch ” any single fuel particle should be avoided wherever possible. 

In all cases, however, the tar obtained in practice is of a different composition 
to that obtained by the laboratory test. This Is due to three main causes. 

(1) Some of the tar is decomposed in the producer, due to unevenness of tem- 
perature in the various layers through which the gas containing the tarry vapours 
has to pass before it leaves the producer. 

(2) The gas volume made per ton of fuel in the case of producer gas is about 
ten to twenty times as large as that of the distillation gas obtained by the laboratory 
test, and for this reason the partial pressure of the lighter tar vapours is so much 
lower in the case of the producer gas that these will remain in this gas as permanent 
gases and not as condensable oils, unless the gas is washed with liquids having a 
special tar-absorption affinity. 

(3) The atmosphere in which the tar formation from the fuel takes place is 
an entirely different one in the gas producer, where the distillation takes place in 
the presence of very much larger quantities of carbon oxides and nitrogen (and 
consequently less hydrogen gases) than when dry distillation by external heat takes 
place. Most likely the chemical action of the producer gas components will affect 
the tar quality which is yielded by the tar-building bodies contained in various 
classes of fuels. 

Items (2) and (3) are conditions which are practically inseparable from the 
producer gas tar-making process ; consequently item (1) is the one to which attention 
should be given by the producer gas manufacturer and designer, when a high tar 
oil yield is aimed at. 

So far as concerns the chemical composition of the low temperature gas producer 
tars obtained from German coals by treatment in the various special adaptations 
used during the war period for making oils, Table 56 gives particulars obtained 
by Dr. F. Frank ^ embodying the tar examination results obtained by the Mineralol- 
Versorgungsgesellschaft, Berlin. 


Summary 

Concerning the yield of tar oil, etc., by-products by the gasification of various 
fuels, we may summarize the above by saying : — 

(1) The constitution of a fuel is as yet an unknown factor ; therefore the 
best means at present which will enable a practical man to obtain an idea as to the 
possible tar oil yield and composition is to carry out a laboratory distillation test. 

(2) Tu give the highest yield of a light tar rich in oils in a gas producer the fuel 
shoidd not be brought up too quickly to the temperature at which the tar-yielding 
bodies commence their evolution, and all tendency to local scorching of fuel must 
be avoided. 

^ See StaM u. Eisen, March 17, 1921, 

8 , 
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(3) The initial tar-yielding temperature is generally not below 200° C. for 
vegetable matter and peats, not below 260° for brown coals and lignites, and not 
below 360° C. for bituminous coals. 

(4) Under favourable conditions a gas producer should yield as tar 80 per cent 
of that obtained by a laboratory distillation test. 


Table 56 

f 

German Gas Producer Tar Yields and Composition 


Fuel 

Saar Coal. 

Upper Silesian 
Coal. 

Laiisttif. 

Screened 

Run-of-Minc. 

Brown CJoal 
Briquettes. 

Gas producer type 

Low Temperature 
Gasification. 

Linck’s Mechanical 
Retort. 

Low Temperature j 
Mond Gas Producer, j 

Low Temperature > 
Gasification, | 

Mechanical Grate 
Producer with 
Distillation Chambers. 

Heller Gas Producer. 

Heller Gas Producer. 

Generator of A.G.B. j 

1 

1. Tar yield per cent .... 

5-5ii 

6 

6-7 

6-8i 

2-2*8 

None 

? 

10-12 

11. lar properties : 

Specific gravity (1.5” V.) . 
Mechanical impurities per cent 
Viscosity at 100'" (\ 

( Oil yield per cent . 

Pitch yield per cent 


J104 

2*36 

5l)-5 

39-7 

1- 059 

2- 03 
1-69 

66 

33 

1-02-1-05 

1-3 

1-7 

72 

27 

10J2 

•52 

66 * 

32 



1-005 

•58 

1-84 

68-7 

30 

•98 

-4-5 

70 

28 

III. Properties of tar oil : 

Specifle gravity (15“ C.) . 
Viscosity at .50'' C. . 

Ignition temperature ° V. 
Soliditication temperature ° 
Content of paraffin per cent . 
Melting point ot paraffin ° (.’. 
Content of tar acids iwr cent . 

„ „ asphalt per cent . 


1-020 

1-41 i 

108 

-2 

1-95 

58 

40 

3-07 

1-022 

2-0 

10.') 

— 2 

2-8 

51 

36 

27 

82* 

37 

152 

4-9 

1- 023 
1-8 

96 

-1 

2- 92 

52 

37 

1 008 

2- 5 

112 

3- 5 

51 

26 

8-9 



li-8 

51-5 

13 

■97 

2-5 

105 
+ 18 
10-14 
50-5 

28 


25-5 

•976 

80 

31-4 

148 

4-97 


IV. uu iracuons alter removal of tiu 
paraffin in per cent on tar : 
Content of ligijt oils per cent. 
Specific gramy at 16° C. 

Ignition temperature ° V. 
Lubricating oils per cent 

Ignition temperature “ C. 

Viscosity at 50° C. . 


30. 

8,5* 

30 

150 

6-7 



26-5 

■97 

95 

35-5 

179 

8-5 

24-0 

•94 

95 

44 

1.60 

4-5 

V. Prouertles of pitcli ; 

Twisting point ° C 

Matter insoluble in benzol per cent 
Ash per cent .... 

100 

22-7 

Ml 

76*77 

12-3 

•72 

83-84 

16-7 

109 

92-5 

12-8 

■46 


57-5 

Traces 

65 

15 

•6 


(5) Producer gas tars are of a type similar to crude petroleum and are generally 

of the paraffinoid series ; they also show the absence of cyclic bodies such as 
naphthalene. 

i (6) The abtive represents only our present-day knowledge on the subject of 
bar production in gas producers ; and since this branch of fuel treatment is stilj in‘ 
bhe imtial stages, it is likely that future developments may bring us to more final 
conclusions than are now possible. 



FACTORS IN GAS PRODUCER PRACTICE 


115 


3. Sulphur 
i. 

During gasification of a fuel in a gas pioducer, practically all the sulphur in 
the fuel is evolved as hydrogen sulphide, which can be recovered from the gas in 
a direct or indirect way. Several methods for recovering this hydrogen sulphide 
from the gas have been suggested (see pp. 422), and are technically possible, although 
the commercial success of these* processes still leaves something to be desired. In 
spite of the present state of unsuccessful (commercially) removal of the siilphur 
from the gas, improvements may very likely be brought about in the future, hence 
the rules governing the sulphur elimination from a fuel are referred to in a general 
way below. 

The sulphur content in the producer gas leaving the generator depends mainly 
upon the total amount of sulphur contained in the fuel, which varies considerably 
with the nature of the fuel, as will be evident from the following figures, which 
serve as an example only : — 


Fuel. 

Welsh anthracite generally 
A German anthracite 
Bituminous coal generally . 

A Scotch bituminous coal . 

A German „ „ 

Arsa bituminous coal, Istria 
An American bituminous coal 
Lignite generally 
A Spanish lignite 
Peat generally . 

Wood generally 


Approximate Sulphur Content. 
'5 per cent. 

. 1-7 

1 to 2 „ 

. 4 

.3 • 

. 10 
. 4 

•5 to 1-5 „ 

. 6 

. 1-5 to 2 „ 

Trace. 


Sulphur exists in most fuels in three different forms— (1) as sulphates, such as, 
say, gypsum, iron sulphate, etc; (2) as metallic sulphides, such as, say, pyrites 
and zinc sulpliide, and (3) as a constituent of various organic sulphur compounds, 
in combination with the carbon, hydrogen, and oxygen of the coal substance proper. 
The subject of the distribution of the sulphur in its various forms in coal and of the 
methods for determining each separate type of sulphur has been treated at length 
in a paper by Powell and Parr.^ 

A report upon the behaviour of the various types of sulphur upon distillation 
in a retort has been made by A. R, Powell,^ who found the results given in Table 67 
by heating the fuels successively at increasing temperatures. 

From these figures it would appear that by dry distillation only part of the 
sulphur is evolved as HgS, the remaining sulphur being retained in the coke. Powell 

^ Bulletin No. III., University of Illinois. 

* Journal of Engineering and Industrial Chemistry ^ November 1, 1920. 
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Table 57 (Powell) 

Behaviour of Sulphur in Coal by Distillation 


State of Sulphur 

Pocohontas Coal, -66 per cent S. 
Temperature ® C. 

Tennessee Coal, 4*25 per cent S. 
Temperature “ C. 


0 

,300 

400 

500 

600 1000 

0 300 400 

500 

600 

1000 

Pyrites sulphur 

•08 

•07 

•09 

•01 


1-75 1-75 l-i2 

•31 



Sulphate sulphur . 

•01 

•02 

•02 



•71 -55 -44 

•01 

•01 

. . 

Organic sulphur 

•47 

•47 

•44 

•43 

•35 -27 

1-79 1-63 1-51 

1-70 

1-87 

1-81 

Sulphide sulphur . 




•04 

•05 -09 

•13 -44 

•93 

•82 

•84 

Sulphur in tar 




•02 

•03 03 

' 05 

•10 

•16 

•16 

Sulphur as HgS 



•01 

•06 

•13 17 

•19 -39 

1-2 

1-39 

1-44 

Total . 

•56 

•56 

•56 

•56 

•56 -56 

4^25 4*25 4-25 

4-25 

4-25 

4-25 


further showed that if the coke sulphur were treated in a current of hydrogen at 
1000“ C., practically all the sulphur is eliminated as H 2 S, the coke being thus obtained 
in a state of high purity in regard to sulphur. 

^ Cobb and Monkhouse ^ find, on the other hand, that only about 50 per cent of 
the sulphur in the coke is driven off after about thirty hours’ treatment in a current 
of hydrogen at 800“ C., while d further 40 per cent was given off from the coke by 
successive steaming at the same temperature for about forty hours. A previous 
treatment of the coke with nitrogen gas had no effect whatsoever on the sulphur 
content of the coke. 

Tests have been made on large gas producer ])lant8 using bituminous coals, 
which show that between 70 and 90 per cent of the total sulphur in the coal remains 
in the crude gas leaving the producer as hydrogen sulphide, and that no sulphur is 
present as sulphur dioxide. If gas cooling and cleaning plant of the ordinary type 
is attached to the generator, a large quantity (about 40 to 50 per cent of this hydrogen 
sulphide) is generally removed from the gas by the cooling water. Such elimination 
of sulphur should be avoided as far as possible if a high yield of this by-product 
is aimed at. 

We may therefore summarize as follows : — 

The hulk of the sulphur contained in a fuel bu/rnt in a gas producer will exist in 
the crude gas as hydrogen sulphide. 

All gas producer plants in which sulphur is to be removed as a by-product 
must therefore be based upon the use of those^chemical reactions in which hydrogen 
sulphide participates. 


1 Ocu Journal^ October 19, 1921. 
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(E) THE COMPOSITION OF THE ASH 

From various remarks made in the foregoing, it will have been realized that not 
only is the quantity of the ash contained in a certain fuel a point of serious con- 
sideration, but further, that the ash composition may very largely determine the 
best conditions for an economical gasification of a given fuel. 

We have seen that traces of various minerals in the ash may affect the reaction 
rates at a given temperature of*the carbon dioxide and steam with the hot carbon, 
and also affect the ammonia yield ; further, we have seen that the “ clinkering ” 
temperature of the ash determines the temperature which it is most economical to 
employ in the lower gas producer zones. When higher temperatures are employed, 
the formation of clinker and its growth (generally from the brick-lining inwards) 
results in heavy manual labour being required to poke the clinker loose, or break it 
up into such small pieces that it can be removed with the ash from the producer. 
If poking is neglected the clinker growth may have the effect of causing the “ hanging 
up ” of the fuel bed, with consequent formation of “ holes ” and the existence of 
uneven burning in the fuel bed. 

Some fuel ashes (particularly is this true in reference to certain German brown 
coals) give rise to large difficulties in gasification, not only on account of their 
clinkering tendency, but also because the ash is very fine, and in some cases cements 
together in the water lute, inaking its removal a difficult problem. 

In later years producers have been put to work in which the ashes are converted 
completely into a liquid slag, which is not allowed to solidify again until tapped 
from the producer ; such solidified slag will have a -jjommercial value, which cannot 
be said about the ashes removed from most other gas producers. The field for the 
employment of liquid slag producers being a limited one, however, we may say, as 
a general rule, that the ash from a gas producer can only be looked upon as a cause 
for expenditure both in its passage through the producer and in its later disposal 
away from the plant. 

The modern tendency of producer gas manufacture is to obtain the highest possible 
rate of gasification, and to obtain the latter we must not exceed those temperatures 
which cause clinker formation to any considerable degree, without providing proper 
means for the breaking up and removal of the clinker. For this reason we shall 
concern ourselves with a study as to how far the properties of various fuel ashes 
indicate the likely behaviour of the fuel in a given gas producer. Such a study will 
also enable us to predict with a reasonable degree of accuracy which type of producer 
and operating condition is likely to be the most suitable for dealing with fuels 
containing ash of a certain quality. 

It would appear that only in recent years have researches upon the relation 
between the composition e^f the ash and its clinkering temperature been undertaken, 
but we know at present joist about enough to indicate to us that this question is a 
most complicated one. 

The ash remaining after burning a fuel in a gas producer is not only derived 
from the coal substance as such, but may also be the residue of impurities mixed 
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with the coal, such as gypsum, shale, pyrites, etc. The final residue after com- 
bustion will therefore obviously be a most complex mixture of acidic and basic 
oxides, mainly silica and alumina and quantities of the fluxing compounds — ^iron 
oxide, lime, magnesia, alkalies, etc. — which form complicated silicates of the most 
varying composition, depending upon the relative quantities of the different fluxing 
compounds. 

As is the case with other systems of mixed compounds, the ash components will 
form “ eutectic ” mixtures of lowest melting point,* which gradually melt out from 
the whole mass, and on account of their relative fluidity will tend to form a binder 
for a part of, or the remainder of, the ash when cooled, thus forming a more or less 
spongy clinker, depending upon how much of the total substance has melted out. 
It is thus not unusual to find in practice that the composition of the clinker is 
different from that of the ash. Consequently we cannot speak about the clinkering 
temperature of an ash as a definite temperature above which all the ash is formed 
into clinker, and below which no clinker at all is formed. The temperature range 
over which the whole ash may gradually pass from the solid to plastic and from 
plastic to a liquid state may extend over as narrow a range as 20'' C. and as wide 
a range as over 200° C. The deformation range for the ashes from' most indutoial 
fuels will lie between the temperature limits of 1000° and 1700° C. 

Fig. 25 shows by way of example the deformation stages of ash cones made from 
two American coals as reported by Fieldncr and Hall. 


►<'5 i L ^ ^ a 

A fyorrO 


C.. 

O 

ms” 

1223" 

41 

a 

a. 

Orliinal 1380° 

. 1390'' 

8 

o 


P"io, 25. — Melting Range of two Coal Ashes. 


The ashes had the following analyses 


m, . . 

Ash Sample 

No. 6. 

, 42-2 

No. 11. 

50-4 

Al^O, . . 


. 30-6 

24-0 

S'®203 


.' 19-0 

20-4 

TiOj . 


. 1*2 

1-4 

CaO . 


. 1-3 

1-7 

MgO . , . 


1*0 

•2 

Other alkalies. 


. 4-2 

2-0 

SO 3 . . 


•2 

•3 
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When determining the “ melting point ” of a fuel ash in the laboratory, the 
ash is generally prepared in shapes like a Seger cone and heated to gradually 
increasing temperature in a high temperature furnace. The behaviour of the cone 
during heating is watched and the temperature corresponding to complete collapse 
recorded. Such temperature is commonly designated the “ melting point of the ash. 

Note.- -The commencement of the plasticity is by some researchers designated as 
the melting point of the ash, but since the complete collapse stage is the most usual basis 
for melting-point determination, it^ill be the only one referred to as such in the following. 

When considering such temperature determination, or applying the result to 
practical work, it should be borne in mind that the conditions for a thorough ash 
intermixing (such as is the case with a sample prepared in the laboratory) do not 
exist in practice ; further, that the furnace atmosphere in which the melting of the 
ash is carried out is seldom like that existing in a gas producer. 

Ficldner, Hall, and Feild ^ have carefully investigated this latter point, using 
several diflerent furnace types in which the atmosphere was maintained either 
reducing or oxidizing. One of the reasons for the difference in behaviour then 
pointed out is attributed to the iron content of the ash, which may exist as metallic 
iron (Fe), as ferrous oxide (FeO), as magnetite (Fe304), or as ferric oxide (FegOg) ; 
iron existing as pyrites 2 is at low temperatures converted into FegOg. When heated in 
air FegOs dissociates at 1350°^C. into Fe304 and oxygen, and when present with silica it 
forms slags of very high melting temperatures so long as the atmosphere is oxidizing. 

On the other hand, if the ash is heated in a slightly reducing atmosphere of 
hydrogen and carbon monoxide, the ferric oxide, Fe203, is reduced to ferrous o^dde, 
FeO, which forms silicate fluxes of relatively mucK lower formation temperatures, 
such as : 

4Fe0.Si02 ^ 

2FeO . SiO, 

4FeO 3SiO I temperature ranges from 1158° to 1183° C. 

FeO.SiOa f 

Ihis is a most important point in so far as ashes in practice will fuse at different 
temperatures, depending upon whether the ashes are present in the reducing or 
oxidizing zones of the gas producer. The author has found, especially with ashes 
rich ill iron, clinker from the same fuel in between pieces of coal at zones at some 
distance from the grate differing entirely from the clinker found at the grate {i.e. 
the proper ash zone). 

Since, from the gas producer engineer’s point of view, the clinker formation 
temperature is that temperature at which the ash forms a slag sufficiently fluid to 
flow and agglomerate in the fuel bed, it’ will be clear from the above that, so far 
as concerns the melting-point determination for ashes from fuels to be used in gas 

^ U.S.A. Bureau of Mines, April 1, 1915, “ Fusibility of Coal Ash in various Atmospheres.” See 
also Bulletins Nos. 129 and 209. 

* It is often found that fuels rich in sulphur cause clinkoring diflSculty. This is mainly ^due to 
ihe presence of the iron combined with the sulphur (pyrites), but sometimes also to the existence 
of easily fusible sulphates. 
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producers, these ought always to be carried out in a furnace in which the atmosphere 
is reducing, otherwise the clinkering temperature obtained in practice may be found 
to be very much lower than that obtained by a laboratory determination. 

The effect of the presence of alkali salts in the ash may be very serious. The 
only apparent difference between the two ash samples referred to in fig. 25 is that 
the one which commences to soften first (No. 5) contains more alkalies than the 
other. Whether this is the actual cause of the difference or not is, of course, difficult 
to say. The presence of water soluble salts of arlkalies in a considerable amount 
in certain German raw brown coals used for gasification ^ is said to be a very serious 
obstacle against their economic commercial utilization. Generally only about 
1 to 7 per cent of the ash is soluble in water (and such fuels give no difficulties), but 
when the percentage of water soluble salts in the ash comes above 12 per cent (even 
up to 40 to 60 per cent exists) the fuel is practically useless. The soluble salt is 
generally sodium sulphate (Na 2 S 04 ) with a trace or sq of comnlon salt (NaCl). The 
effect of the presence of these salts, which each melts below 900° C., and which form 
eutectic mixtures of even lower melting-points, will, of course, mean that the ash 
will clinker at a very low temperature, so low, in fact, that fuels of this type could 
probably only be successfully gasified in liquid slag producers. A furth^ dis- 
advantage of using fuels containing sodium sulphate is that these salts absorb 
more than their own weight of water, wliich would have to be evaporated during 
the gasification. * 

The effect of varying quantities of Ime and tnagnesia in the ash upon the 
clinkering tendency of fuel is such that so long as the quantity, which corresponds 
to the eutectic mixture of the lowest melting-point, is not exceeded, the ash-fusing 
temperature will decrease, while the presence of further quantities of these two 
oxides will cause the fusing temperature to increase. 

In this connection reference may be made to Profs. Bone and Wheeler’s in- 
vestigation 2 of the fusibility of the ash from certain Lancashire coals when used 
in a Mond gas producer (Table 58). 

Here the most fusible ash was found to be the Wigan 4 ft., while Trencherbone 
was the least fusible, the fusibilities of the various ashes decreasing with the lime 
content from right to left in the table. It should be noted that the lime content 
in no sample exceeds 16 per cent. 

The effect of lime and other oxides upon the melting temperature or the fluidity 
of the molten ash becomes of great importance in the case of liquid slag producers, 
since it is very seldom that cases of coal ash are met with of which the composition 
is such as to enable the ash (slag) to be maintained in a completely molten state 
until tapped from the producer. In such cases it is not only necessary to maintain 
the temperature in the lower part of the producer very high by hard blowing, but 
it is generally also necessary to add to the fuel charged a “ slagging ” mediupa, 
generally lime or furnace slag. It is clear that if the slag is maintained in a molten 
state the iron contained in the ash or in the slagging medium will separate out from 

^ Limberg, Feuerungsiechnikt August 16, 1921, 

* Journal of Iron and Steel Insl,^ 1907. 
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the slag, and the two components (iron and slag) may be regarded as two non-mixable 
liquids of different specific gravity, the iron always sinking to the bottom of the 
liquid slag. Consequently, the fluxing agenri iron is entirely absent from the slag, 

Table 58 

Ash Analysis of Lancashire Coals 




• 

Name of Seam. 




Wigan 4 ft. 

Florida. 

Arley. 

Wigan 0 ft. 

Trencherbone. 

SiOg . . . 

31-40 

30-02 

26-40 

33-8 

39-40 

Alfi, . . . 

21-15 

19-14 

28-00 

21-95 

28-49 

FeaOj . 

22-85 . 

22-14 

32-42 

29-30 

22-85 

MnO . . . 

•55 

•65 

0-0 

0-0 

0-40 

CaO . . . 

16-25 

11-10 

7-00 

3-00 

4-30 

MgO . . . 

•10 

3-65 

2-88 

3-24 

1-08 ■ 

SO 3 . . . 

7-00 

13-29 

2-74 

8-58 

3-26 

PA • ■ • 

•11 

•15 

•28 

•15 

•17 


and the fluidity of the latter will mainly depend upon its content of lime^ which, 
if present in insufficient quantity in the ash, will have to be added in a suitable 
quantity with the slagging medium. We thus get conditions governing the produc- 
tion of a liquid slag similar to those existing in blast ^urnace practice. 

Table 59 gives analyses of various Ulast furnace slags and their softening 
temperatures. 1 

Table 59 

Blast Furnace Slags 


Sio, 

A 1,03 


TiO, 

CaO 

MgO 

MnO 

CaS 

Softening 
Temperature ° C. 

48-0 

8-0 ' 


1 

32-0 

5-0 

0-1 

2-0 

1244-1254 

43-6 

9-5 

0-59 

0-19 

40-2 

2-1 i 

0-2 . 

2-8 

1279 

37-2 

11-5 

0-42 

0-52 i 

25-3 

19-6 

2-2 

3-5 

. 1297-1300 

33-7 

26-6 

0-79 

0-28 

26-7 

6-4 

0-33 

4-9 

1342 

34-3 

13-8 

0-35 

0-56 

41-3 

6-4 

0-55 

5-4 

1343-1360 

18-3 

35-3 

0-52 

0-58 

31-2. 

9-7 

0-35 

4-1 

1410 

31-5 

1 

14-8 

0-29 

0-29 

47-6 

1-8 

0-2 

3-6 

1403-1443 


To obtain a slag that can easily be tapped from the producer, it is not only 
necessary that it be heated to a temperature exceeding that of its softening 
1 Engineering^ December 14, 1917. 
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Fig. 26. — Slag Viscosity Diagram fob various Lime, Alumina, and Silica Mixture 
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temperature, but also that the temperature be so much higher that its viscosity 
becomes sufficiently low to enable the slag to flow away easily. 

The whole problem of the melting of sfegs and their viscosity is a matter for 
special study upon which we shall not enter here, but the following example will 
suffice to indicate the complexity of this whole matter, and that the fluidity of a 
slag cannot be definitely predicted from either the analysis or the melting-point 
determination. 

Field and Koyster ^ examined •bhe viscosities of the following synthetic mixtures 
of lime, alumina, and silica (the main slag constituents) 


No. of Slag. 

Percentage Composition. 

Molting point “ C.* 

( + or-5" C.) 

Lipie CaO 

• 

Alumina AI/)^ 

Silica SiOj 

2 

23-25 

14-75 

62 

1170 

5 

38 

20 

42 

1265 

6 

47-2 

11-8 

41 

1310 

7 

29-2 

39 

31-8 

^1380 

8t 

49 

11-4 

36-6 

1415 

14 

49-5 . 

43-7 

6-8 

1335 

-I- 

o 

48-7 

39-3 

12 

1430 


Th« melting j)oint is defined as the temperature at which the viscosity becomes infinite, 
t All samples except No. 8 and No. 20 represen t^utectic mixtures. 


The result of the observations is shown graphically in fig. 2G. Typical is the 
difference between, say, slag No. 2 and, say, No. 6 or No. 14. No. 2 is the mixture 
which has the lowest melting point (about 150° C. lower), yet at 1400° C. its viscosity 
is twenty-five to fifty times as large as that of the other slags. 

Jn spite of what has been said in the above, it is always possible to draw certain 
conclusions as to the behaviour of a fuel in a gas producer when the analyses of the 
ash and its melting point be knowm. This matter has not been nearly as carefully 
investigated in Europe as in America, where several bulletins have been issued by 
bhe Bureau of Mines in which the melting points of the ash from most collieries and 
coal seams are given. In England, Dunn and Lessing have concerned themselves 
with some research on this problem, and, on the Continent, Prof. Constam of Zurich. 

In Table 60 is given J. T. Dunn’s ^ analyses of eighteen different fuel ashes and 
their respective melting points. 

Ash No. 1 was obtained from a Natal coal. No. 18 from a Spitzbergen coal, 
while No. 19 is an analysis of China clay given for comparison with the remaining 
fuel ash samples. D. indicates Durham, N. Northumberland, and S. Scotland. 

^ Technical Paper 189, Bureau of Mines, U.S.A. 

** “ The Melting Point of Coal Ash,” Soc. Chem, Ind.^ January 15, 1918. 
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The ash analyses given in Table 61 for various American coals show similar 
results to those obtained by Dr. Dunn. 

A special furnace and other instruments, are required .to enable melting-point 
determinations on ash samples to be carried out — for which very few works’ 
laboratories are laid out. There is no such limitation in regard to carrying out 
a complete chemical analysis of the ash, which in itself often gives very useful 
information reg^frding the possible clinkering tendency of the ash. 

For reasons already explained, melting-point determinations are to be carried 
out with special care and are of relative value only for each particular testing 
method employed. All the same, from the analyses given in Tables 60 and 61 we 
may perhaps say that to avoid bad clinkering troubles the ash should have the 
following ap'proximate composition 


Silica , . 
Alumina . 
Ferric oxide 
Lime 


above 45 per cent. 

„ 35 „ 

. not over 10 to 15 per cent. 
5 to 10 „ 


Table 61 

Analysis of Ash from some American Coals 


No. 

SiOj 

Al^O, 

Fe,0, 

CaO 

MgO 

• 

SO 3 

Undeter- 

mined. 

Meltinj^ 
Point ° C. 

1 

28-0 

8-3 

49-7 

5*3 

1-2 

6-6 

0-9 

1092 

2 

29*7 

14-2 

49-9 

2-1 

0-7 

2-2 

1-2 

1133 

3 

34*0 

21-0 

23-2 

7-4 

5*8 

8-5 

0-1 

1195 

4 

35-8 

34-1 

12-4 

10-4 

trace 

6-5 

0-8 

1213 

5 

46-5 

35-7 

7-8 

5-0 

1-0 

3-8 

0-2 

1290 

6 

42-0 

38-0 

15-8 

2-2 

M 

0-8 

0-1 

1413 

7 

54-1 

33-3 

7-8 

L5 

1-5 

0-7 

M 

1450 

8 

50-8 

33-9 

10-2 

1-7 

trace 

2-0 

1-4 

1510 

9 

49-0 

42-0 

5-0 

■ 1-8 

trace 

1-9 

0-3 

1660 


Obviously the above are only the four main constituents of coal ash, the 
fusibility of which will be seriously affected by the presence of other compounds, 
such as other metal oxides or alkaline earths or alkalies. A better approximation 
(in any case for the less fusible ashes) would be to consider the ash as a clay, of which 
the refractory coefficient may be calculated. 

For such purposes Bischof lays down the following formula whereby the 
refractory coefficient Q, of a fireclay of a given analysis (see also pp. 195-197), 
may be estimated with some approximation : — 
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[Oxygen content in alumina]^ 

X 


The fueing of fireclay, as well as most ashes, is the result of the combination 
of the acidic silica with the basic and metallic oxides to form their respective silicates. 

The higher the content of bisilicate of alumina the less fusible will be the ash. 
The tendency of any silica present over and above that which corresponds to the 
formation of bisilicates with the alumina and with the fluxes will be to form higher 
and more fusible silicates. 

To minimize clinkering troubles with fuels having a very fusible ash or one 
which attacks the brick-lining, the addition of either clay (alumina) or sand (silica) 
to the fuel charged has proved to be successful in more than ojie gas producer plant. 
Obviously this method of working is just the reverte of the liquid slag producers 
where fluxing bases are added to the fuel charged. 

To enable the factors involved in Bischof’s formula for the refractory coefficient 
to be quickly available for calculation, these are given below. 


oxygen content 
in silica 




g ^ oxygen content in 
basic oxides 



Per cent 0 
in AljOg 

Per cent 0 
in SiOj 

Per cent 0 
* in RO 

3 X (per cent 0 
in RO) 

AljOj 

46-96 

.. 



Si02 . . . 


52-98 



FeO* . . . 



20-0 

60 

CaO , . . . 



28-53 

85-6 

MgO ... 



39-71 

' 119-1 

MeO ... 



22-54 

67-6 

K,0 . . . . 



16-98 

50-9 

NjO . . . . 



25-71 

77-1 


• Due to the scale adoi)ted by Dr. Bischof the iron estimated as FejOj must be figured as FeO, 
for which reason the factor given for FeO is the figure with which the percentage of Fe^Oj in the ash 
analysis is. to be multiplied to obtain the proportion of oxygen corresponding to the FeO state. 


For the purpose of comparison the refractory coefficient for some of the ashes 
given in Tables 60 and 61 has been calculated with the following result : — 


Table 60, No. 

n fy 

i) yf 


3 

5 

lO 

17 


Melting Point. Q calculated. 

. 1150 -33 

. 1230 . -45 

. 1390 ‘ -695 

. 1500 1*94 
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Table 61, No. 2 . 

.. 5 , 
.. 6 . 


Melting Point. Q calculated. 

, ■ 1092 -089 

• 1290 l.]3 

. t413 M6 

. 1450 M4 


Although these calculations show no absolute agreement between the melting 
point and the refractory coefficient (probably due to the presence of other compounds 
than silicates in the ash, such as'gypsum, phosphates, etc.), yet the calculation of 
the refractory coefficient obviously gives a rough guide as to the possible clinkering 
tendency of a fuel ash of a given analysis. 

From the above it should be plain that to accurately determine the clinkering 
tendency of a fuel from an ash analysis or a fusing-point determination is a most 
complex matter at the present stage of the research work in this branch. 

Until this has b^ome mQfe standardized and more carefully investigated we 
nay perhaps draw the following generalizations as applicable to producer gas 
jractice : — 


(1) When the content of silica and alumina in the ash is high, the ash will have 
i high melting point. 

(2) Iron content in the ash may cause the formation of fluxes of very low 
nelting point. 

(e3) So long as the lime Content does not become too high (over 30 per cent) 
ts effect is generally to cause a low melting point of the ash. 

(4) The fusing point is entirely independent of the ash quantity and is purely 
L qualitative property, which may be determined in a^n approximate way only from 
he analysis on the lines usual when calculating the refractory coefficient of fireclays. 

(5) By adding to the fuel iron and calcium oxides it is possible to lower the 
using temperature of the ash, and, on the other hand, it is possible to raise the 
emperature by adding clay, or even powdered silica. 

(6) Fuels rich in sulphur are likely to yield ash of a low fusing temperature. 




PART II 

GAS PRODUCER PLANT 

Proi)U( 3ER gas cannot be made from varying classes of fuels and for varying purposes 
in tbe same generator with equal efficiency. 

Producer gas may be consumed in the hot crude state as it issues from the 
ii^enerator, or it may be coolj^d and cleaned to a degree corresponding to the par- 
ticular purpose for which it is to be used. 

1 loducer gas cannot be made unless apparatus or machinery is provided 
«^]icreby a gas or air flow is created. 

In the following we shall, therefore, deal successively with 

Chapter IV.- Gas Producer Types. 

,, V. Gas Cleaning and Cooling J^lant Types. 

„ VI.— Machinery and Apparatus for causing Gas Flow. 
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CHAPTER IV 

GAS PRODUCER TYPES 

• 

Producer gas can be made in practically any type of apparatus provided with 
means for supplying air and steam and for removing the gas, but the efficiency at 
which it is produced and the composition of the gas made depends very much upon 
whether the apparatus used is the most suitable for the particular fuel and purpose 
in question. There are innumerable types of generators and plant in more or less 
successful operation, all of wdiich cannot be described here. In the following we 
shall therefore deal with some typical producer parts and plants which are in 
operation in this country and abroad. . • 

Before choosing a gas producer type as being tjje most suitable for a specific 
purpose, it is necessary to bear in mind not only whether it is generally dimensioned 
in such a way as to be suitable and thermally efficient for the treatment of the fuel 
or fuels available, but also whether it is provided with sufficient means to enable 
any anticipated gasification difficulties to be overcome and dealt with in a manner 
that corresponds with the amount of money expended on the purchase of a producer 
gas installation. 

To realize how difficulties in the operation may be experienced, it will be 
advisable to consider generally what are the successive stages through which the 
fuel passes from the moment it is introduced into the fuel-charging means of a gas 
producer. 

Fig. 27 shows in a diagrammatic way the different temperature zones existing 
in a gas producer using bituminous coal. The air and steam blast is introduced 
through the grate or air distributor into the base of the producer, while the cold 
fuel is supplied and the crude gas removed at the top. The air and steam mixture 
first passes through an inert ash zone (upon which the fuel bed rests) in which it is 
somewhat pre-heated previous to reaching the fuel. The oxygen in the air combines 
practically instantaneously with the hot carbon, while the steam and COg reductions 
take a much longer time. In many gas producers the steam reaction is not even 
completed when the gas leaves the fuel bed at the top, depending as we have ^seen 
upon the amount of steam added, the temperature, and the fuel depth. In the 
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uppermost part of the fuel bed the sensible heat of the hot gases from the lower 
part of the producer is utilized to distil off the volatile matter and moisture in 
the fuel. ' 

One may thus speak of four zones in a gas producer : — 

(1) The ash zone, 

(2) The oxidation zone, 

(3) The gasification zone, 

(4) The distillation zone. 


Fuel 

Hopper- 


Producer- 

Crown 


Brick 

Linim 


Gas Outlet 
Pipe 


all of which merge into one another more or less completely. 

The difficulties that may be experienced in working a producer generally 

take place (1) in the dis* 
tillation zone, and (2) at 
the junction of the oxidiz- 
ing and ash zones. So 
long as the difficulties (if 
any) in these resy)ecte are 
attended to by the de- 
signer and operator, the 
other zones and reactions 
in the gas producer will 
adjuvst themselves in ac- 
cordance with the fuel, 
blast composition, and fuel 
depth. 

Practically speaking, 
the various y)roducer de- 
signs possess either one 



~^AIr and Steam 


Water 


Fig. 27. — Gasification Stages in a Gas Phoducee. 


produce^ types according to their specific features of design 


affecting the treatment of 
the fuel at the to}) or at 
the haae. Other features 
of producer design con- 
cern mainly the raising of 
steam or heating of water 
and means whereby 
the yield of by-products 
may be economically 
effected. 

For the sake of clear- 
ness we may classify the 
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(A) Producers where ash is removed as liquid slag. 

(B) Producers where ash is removed by hand. 

(C) Producers where ash is^r-emoved mechanically. 

(D) Producer casings and bripk lining. 

(B) Producers with static coal feed and hand poking. 
(F) Producers with mechanical coal feed. 

(0) Producers with mechanical fuel leveller and stirrer. 
(ff) Steam-raising and water-heating producers. 

(/) By-product recovery producers. 

(J) Special gas producers. 

(E) Arrangement of gas producers. 


(A) LIQUID SLACx PRODUCERS 

On pp. 117-127 wc have seen that the fusing temperature of many fuel ashes 
nay be comparatively low, and that to avoid serious operation difficulties due to 
linker formation it is often necessary either to lower the gasification rate or to add 
iteam to the air blast in such a quantity that a resulting gas, rich in hydrogen and 
ligh in carbon dioxide, is obtained. 

Since in blast furnace and cupola .practice the fuel ash, together with the iron 
ind the impurities in the iron ores, is maintained in molten state, and removed in 
mch a liquid form from the furnace or cupola, many methods have been proposed 
vhereby a similar procedure might be adopted for gas 
iroducer operation. Indeed, the early g;'S producer 
pioneers were nearly all connected with iron and steel 
production ; for instance, the first gas producer built 
n France was by Ebelmen (1840), who used it in 
:‘onnection with a puddling furnace. In outline it 
vas very much like a blast-furnacc shaft, air being 
ntroduced at the base, while the slag was removed 
Torn a tapping hole at the bottom of the hearth. 

IJentrally in the producer a retort was suspended 
vhich also served as a crude fuel valve. 

A diagram of Ebelmen’s producer is shown in fig. 

28. The fuel used was charcoal, and to obtain an 
jasily fusible slag from the ash iron furnace slag or 
ime was added as a fluxing or slagging medium to 
)he fuel as charged. Ebehnen worked the producer 
)oth with and without addmg steam to the air, and 

jxperienced the difficulty of the slag becoming more sticky when adding sfeam, 
inless this took place some distance vertically above the air blast inlet. 



;8. — Ebelmen’s Liquid 
Blaq Producer. 
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The analysis of the gas obtained in this producer when using dry blast was : — 

COo . , . *5 per cent. 

CO“ . . . 33*3 „ 

H 2 . . . 2-8 „ 

CH 4 . ‘ . . Nil „ 

N 2 . . . 63-4 

In other words, a gas containing carbon mono'xide at practically the theoretical 
maximum quantity. 



Fig. 29.— Thwaitb’s Xjquid Slag Producbr. 


Many years expired before we again heard of liquid slag producers being 
w|)rked, but, as we shall see, the general operation experiences are nearly all of the 
•same kind as those obtained by Ebelmen. 

During the years frppi 1880 to 1890 liquid slag producers were at work in 
Witkowitz, Germany, in which lime was used as the slagging medium. 

In ftSlJihe Tranmctions before the American Institute of Mining Engineers deal 
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with a slagging producer built by W. J. Taylor, which was operated at Chester, N.J,, 
U.S.A. Anthracite was used as a fuel, and 30 to 40 per cent of blast furnace slag 
is said to have been added to 4lux the ash. t 

About 1902 B. H. Thwaite, the .well-known gas power pioneer, introduced into 
England his so-called Cupola Producer, which^was about 6 feet diameter by 30 feet 
high. Fig. 29 shows a reproduction of a photograph of such a plant in operation 
near Leeds in 1906.^ Using a gasworks coke con- 
taining 9*5 per cent ash, the following gas 
analysis was obtained when using a dry air 
blast : — 


CO., 

O2 

CO 

H2 

CH4 

N, 


•8 to 
0-4 „ 
30 „ 

•2 „ 
4-1 „ 
64-1 „ 


1-2 
1*8 
32*4 
' *4 
1-6 
(>3-0 


W. A. Bone (Coal and its Scientific Uses) 
refers to another of Thwaite’s gas producers using 
a Lancashire bituminous fuel, which gave the 
following result : — • 


COo 

CO 

IL 

CH, 

N„ 


2-0 per cent. 
29*0 ■ „ 
5*35 „ 

2-05 ,, 

01*6 



Fig. 30. — S.F.H. Liquid 
Slag Pkoducer. 


Due to the deep fuel depth allowed for, the 
gas left the producer in a cool state, hence at a 
reasonably low velocity and of constant heating 
value. 

The main reason for developing this type of 
producer was that Thwaite wanted to produce a 
gas low^ in hydrogen, so that the cold and cleaned gas could be compressed to the 
highest possible degree with air in gas engines without premature ignition. Coke 
of an even grading was preferred as a fuel, and to produce a highly fusible slag, 
sand, limestone, or iron ore was added in suitable chemical proportions. 

In 1907 2 the next step of development towards the modern liquid slag producer 
was taken by the French firm, Fichet & Heurty, together with M. Sepulchre, who 
placed on the market the so-called “ S.F.H. Producer,’’ which is shown in fig. 30. 
A battery of six of these producers was put to work at Gironcourt, France, the gas 


^ Pulion, ..Vmerican Inst. Mining Engineers. 

. “ Hoffmann, International Congress, Dusseldorf, 1910. 

July 22, 1910. 


See also Iron and Coal Trades Mcviewt 
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being successfully used in plate furnaces and annealing ovens, while ifc was claimed 
that less heat was lost in the liquid slag than is usually contained in the carbon 
removed with the ashes and clinker of an ordinary gas producer.^ 

The following are some of the gas analyses said to have been obtained when 
using various fuels : — 



Lignite. 

Brown Coal. 

1 

(Wl. 

Coke Briquettes. 

C 02 . . . 

2-5 

1-4 

1-0 

1-6 

CO . . . 

29-5 

28*3 

31-0 

27-9 

CH, . . . 

3-2 

7-5 (?) 

G-5(?) 

2-0 

H, . . . 

6*7 

7-7 

6-0 

1-2 

N, . . . 

58-1 

55-1 

- 

55-0 

67*3 


Anatysis of brown coal used and products obtained : — 


Coal 



Moisture 


. 10 per cent. 



Ash . 

. 37-66 


On dry 

('Carbon 

. 44-41 


substance 

Hydrogen . 

. 1-36 

• 


Nitrogen 

•45 



Sulphur 

. 6-5 


Slacj 


Pi« Iron taited with SlaCx 

SiO., . 

. 42-17 per cent. 

Carbon (comb.) . . 2-3 per cent. 

FeO . 

. 1-26 

(graph) , ... 

AI 2 O 3 . 

. 18-83 

Silicon . . . 1-73 ,, 

CaO . 

. 20-57 „ ‘ 

Manganese 

MgO . 

. 12-89 ,. 

Phosphorus. . . -23 „ 

MnO . 

. 0-17 „ 

Sulphur . .1-97 „ 

S 

1-72 „ 


PA . 

. -04 „ 



When it is taken into consideration that the gasification rate w^as very high, 
about 200 lbs. per hour and per sq. ft. of cross sectional area at the bosh (50 to 60 lbs. 
per sq. ft. of shaft area), it is extraordinary that such high contents of methane were 
obtained in the resultant gases. 

The brickwork of the hearth wore out quickly and had to be removed once 
every three months, while that of the shaft did not need to be renewed for several 
years. 


Hoffrqaim, Iron and Coal Trades Review, July 22, 1910. 
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It was also claimed that small coal, waste fuels, and fuels rich in ash were 
successfully gasified, which does not seem to have been the experience with the large 
scale gas producers of similar type since builj in Germany and referred to later. 

As will be seen from fig. 30, the producer is supplied at the top with a fuel- 
charging hopper, a, a retort or fuel-feeding b^ll, h, as well as a gas outlet branch, c. 
The gas producer body, d, is of a shape like the lower part of a blast furnace, the 
“ shaft ” being wider than the “ bosh,” where a suitable number of air blast tuyeres, c, 
are provided ; these nozzles are* water-cooled and supplied with air from a super- 
imposed ring main, /, carried from the gas producer casing. The molten slag is 
tapped off through the slag notches, g. Limestone and graded crushed blast furnace 
slag have been used successfully as a slagging medium. 

Due to the intensity of the heat round the air tuyeres a rapid wearing out of 
the lining takes place, and for successful work it is necessary to use such special 
types of refractory lining materials as are generally adopted in blast furnace practice, 
such as, for instance, magnesite bricks provided with external water-cooling. 

In 1912 C. D. Smith ^ reports upon some preliminary investigations carried 
out on behalf of the Bureau of Mines in an experimental producer. In citing some 
of the operating details of this test producer, we shall get an idea as to the difii(;ulties 
that have to be anticipated under various conditions. 

The producer was supplied with two rows of tuyeres, one of six at the base 
for the air blast, and one of four at a somewhat higher level for the steam. The 
air tuyeres were water-cooled, as were also a P/ thick layer of magnesite bricks 
(these were surrounded for a depth <>f 20'" with water coils). The air blast was 
supplied at a pressure of 5" to 6" water gauge at ordinary loads and about 16" W.G. 
at the highest loads. The coke used contained 11 per cent of ash, and the best 
gasification results were obtained when 15 to 20 lbs. of limestone were added per 
100 lbs. of coke gasified, the analysis of the coke ash and limestone being as 
follows : — 



('oke Ash, 

Limestone, 

Silica (8i02) 

. 54-83 

1-73 

Alumina (AlgOg) 

. 31-94 

-93 

Ferric oxide (FcgOg) . 

7-22 

-80 

Calcium oxide (CaO) . 

, 2-06 

52-20 

Magnesium oxide (MgO) 

-25 

1-48 

Potassium oxide (KgO) 

, 1-49 


Hodium oxide (NagO) . 

. 1-04 


Loss on ignition . 

. 1-19 

43-28 

Total 

. 100-02 

100-42 


As will be realized from the analysis, the coke ash is far from being of a very 
fusible kind, and consequently the difficulties which were experienced with obtaining 
a sufficiently liquid slag might have been anticipated. 

^ “ The Slagging Type of Gas Producers,” U.S.A. Bureau of Mines, Tech. Paper, No. 20. 
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The theoretical quantity of limestone to be added to make a slag of a low 
fusing point from Boudouard’s slag fusion temperature diagram was 4 lbs. per 100 
lbs. of coke ; whereas over 12 lbs. we!*e required to continuously obtain a liquid 
slag that could be tapped out. When adding 25 lbs. or more limestone the slag 
became sticky again and thereby causj^ed interruption of the work. 

The rate of gasification was 20 to 30 lbs. per sq. ft. of fuel bed arer and hour ; 
the fuel bed was 6 feet deep, and the content of CO in the gas was about 31 per cent. 
Such rates of gasification are not favourable for obtaining a temperature sufficiently 
high for an easy melting of the slag ; but, on the other hand, great difficulties were 
experienced in the blowing away of coke dust and lime, which in the author’s opinion 
might ha,ve been avoided by using a deeper fuel bed, thus causing the gases to leave 
at a lower temperature and consequently at a lower velocity. 

It was found of advantage to preheat the air blast to about 440° F., and in some 
tests steam was added up to f lb. per lb. of coke without seriously affecting the 
fluidity of the slag. 

Continuous difficulties were experienced in keeping the slag liquid when the 
producer was shut down overnight, which caused scaffolding of clinker above the 
air tuyeres and also the formation of solid clinker at the bottom of the hearth 
(freezing). 

During the progress of the war several large scale developments regarding this 
type of gas producer took place in Germany, the started success of which under- 
takings would appear to predict that producers of the liquid slag type may have 
come to stay — in any case, in connection with gas producer plants used in the 
heavier class of iron and steoJ manufacturing trades. In the following we shall 
describe four of these German producers : the Wuerth, the Georgs-Marienhuette, 
the Rehmann, and the Pintsch type. 

The Wuerth type producer,^ a diagrammatic drawing of which is shown in 
fig. 31, was a development of the S.F.H. generator. It is 9 to 1 0 feet internal diameter 
at the upper end of the shaft, and about 18 feet high from ground level to platform 
level, and provided with both air and steam tuyeres at the “ bosh ” ; it being 
claimed that the introduction of some steam (about { lb. per lb. of coke) above the 
air tuyeres prevented the scaffolding which used to occur when no steam was added. 

Difficulties were at first experienced with the liquefied slag “ freezing ” on to the 
base of the hearth, for which reason a gas fire was maintained below to effect an 
underheating of the hearth. A most substantial brick crown must be required to 
support the hearth and the producer charge, and the gas used for this purpose 
represents an additional source of thermal loss. If, however, a sufficiently large 
quantity of ore or slag containing iron be added to the charge as a slagging medium, 
a layer of molten iron is obtained below the lighter but more viscous slag. By 
observing this rule it was found that the underfiring could be avoided, and later 
Wuerth producers do not require the heating arrangements shown in fig. 31 (German 
patent No. 314,720). 

^ Stahl u. EiseUf 1018, p. 649. See also Iron and Coal Trades Review^ October 1918. 
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The gas on leaving passes through a dust separator which at the same time 
may serve as an air pre-heater. The amoimt of dust removed from the gas is con- 
siderable, about 6 to 7 per cent on the fu^i gasified, in spite of coke nuts from f'' . 
to 2f" being used. Although this represents „r. most serious loss, it should not be 
overlooked that the producer can be worked .at the extremely high rate of 60 tons 
per twenty-four hours, which is equivalent to about 75 lbs. per sq. ft. and hour ; 



Plan of Tuyeres. 


Fio. 31. — Wuerth’s Liquid Slag Producer. 

in other words, a rate of two to tliree times the usual rate of ordinary static gas 
producers of same diameter using coke as a fuel. 

Two slagging holes are provided, each being opened alternately and once every 
two to three hours ; a little iron (about 3 per cent of the slag tapped) being removed 
each time the slagging takes place. 

Obviously, variation of the rate of working will seriously interfere with the 
melting and fluidity of the ash and slagging medium, but it is stated that no 
working troubles will occur if the gasification rate is reduced to half of the normal 
rate. 

The Georgs-Marienhuette producer has been described in an article by Brautigam,^ 
' iStah! u. 1918, 186. See also Iron and Coal Trades Review^ July 6, 1918. 
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Table 62 

Table of Capacities and Main Dimensions of 
THE GeORGS-MaRIENHUETTE PRODUCER 


Gasification 
Rate in Tons 
of Coke per 




Approximate Dimensions^ 


Gas Volume 
in cub. ft. 
j)er hour. 

Air Volume 
cub. ft. 
min. 

Shaft Diam. 

Hearth 

Gas Pipe 

Air Ring 

Height. 

24 hours. 

Int. 

Ext. 

Diam. 

Diam. 

Diam. 




a 

c 

b 

d 

e 

h 

10-15 

70,000 

to 

105,000 

1,950 

ry 0" 

6' 9" 

3' 6" 

2' 0" 

10" 

13' 0" 

20-30 

140,000 

to 

210,(K)0 

3,700 

6' 6" 

8' 3" 

5' 3" 

2' 8" 

10" 

16' 6" 

30-45 

210,000 

to 

320,000 

4,500 

7' 6" ' 

9' 3" 

6' 3" 

2' 8" 

10" 

16'V)" 

50-70 

« 

350.000 
to 

500.000 

8,6(H) 

9' 0" 

10' 9" 

7' 8" 

3' 3" 

15" 

19' 6" 

70-100 

500.000 
to 

700.000 

12,60(^ 

10 ' r 

12' 6" 

9' 4" 

4' 0" 

15" 

21' 0" 


and is shown in fig. 32. Its main features are the same as the Wuerth producer, 
except that no steam is being used and that the slagging medium charged with the 
fuel is much richer in iron. It will be noted that underheating of the hearth 
is done away with, as has been the case with the later Wuerth gas producers. 
Instead of two diametrically opposite gas outlet pipes being provided, the gas is 
taken off at the top, thus leaving it more time to settle out dust before it is 
removed from the producer. All the air tuyeres are water-cooled, and at least two 
slag tapping holes are provided at a level of about above the iron tapping hole. 
Slag is removed about once every four hours and the iron once every eight to twelve 
hours, depending upon the content of iron in the slagging medium, generally mixer 
slag or basic open-hearth slag ; the quantity of iron produced per twenty-four 
hours varies from | to tons when the producer is worked at a gasification rate 
of ^ tons per twenty-four hours. It is stated that the hearth brick-lining will, 
last for about thirteen months before renewal becomes necessary. 

Table 62 gives a list of capacities and main dimensions of this type of producer, 
from which it will be seen that even for such high gasification rates as 100 tpns 
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Fia. 33. — Rehmann’s Liquid Slag Producer. 
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Ti^BLE 63 

(Markgraf, Stahl und Eisen, July 18, 1918) 




Wuerth. * 

Georgs- 

Marienhuette. 

Fuel : 

Quantity gasified per diem 

50 

30 

Carbon content in coke per cent 

87-4 

87-4 

Hydrogen per cent 

•5 

•5 

Moisture content per cent 

40 

4-0 

Other materials jier metric ton coke : 

Slag added per cent 

11 

17-7 

Cub. ft. (N.T.P.) of ail' supplied 

115, (K)0 

134,000 

Steam added to air blast in producer per cent 

32 

Nil 

HgO required for hydrogen formation jier cent 

26-9 

3-8 

Cooling water per cent 

2*2 

7-7 

Producer sujiplied per metric ton coke : 

Cub. ft. (5f gas (N.T.P.) 

150,000 

164,000 

Dust per cent J 

9;0 

2'4 

Slag , 


13-3 

18'0 

Iron „ 


•3 

3-2 

Temperatures and pressures : ^ 



Temperature of air blast at tuyeres ° C 

210 

55 

»» 

of hot gas leaving ° C 

700 

800 

Pressure loss in producer c.m. W.G 

55 

33 

Temperature rise of cooling water ® C 

35 

35 

Gas analysis 

'CO 2 jH^r cent 

20 

•6 


CO „ 

32*0 

33-4 

On dry 

CH 4 „ 

•5 

•5 

gas 

H 2 „ 

7-5 

•9 


Net B.T.U. per cub. ft. (N.T.P.) .... 

13C 

121-6 


Net cals, per cub. m. (N.T.P.) .... 

1210 

1082-2 


Hydrogen sulphide, grms./cub. m. (N.T.P.) . 

1-52 

•39 

crude gas 

Moisture, grms./cub. m. (N.T.P.) .... 

27-8 

7-9 

Dust, grms./cub. m. (N.T.P.) 

21-7 

5-3 

Thermal balance : 

Total heat in coke, steam, and air blast 

106-4 

101 

Potential heat in cold gas . . . . ' . 

79-0 

72-7 

Sensible heat in hot gas and impurities 

16-0 

18-6 

Heat lost due to carbon in dust 

6-0 

1-21 

,, ,, in slag and iron 

•96 

1-51 

„ ,, in cooling water 

106 

3*84 

„ losses^naccounted for 

3-38 

3-14 
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Table -continued 
Slag(jing Details 


• 

Wuerth. 

Geurgs-Marionhuotte. 


• Si 

Mu 

P 

s 

Mn 

P 

S 

Analysis of tap iron . 

3-0 

2-91 

1*42 

•07 

9-27 

9-25 

•022 


Comstituent . 

SiO^ 

AI,03 

Fe 

Mu 

Ca 

Mg 

s 

P .0, 

Wuerth : 

Coke ash . 

49-02 

30-93 

9-24 


2-31 

3-23 

•96 


Crushed blast furnace 
slag added 

29-99 

17-15 

1-93 

2-8 

28-52 

2-78 

2-17 


Slag tapped 

37-0 

24 -a 

1-61 

1-34 

21-11 

2-2 

•95 


Dust ; 

Dry 

• 

44-35 

27-85 

5-7 

1-94 

8-83 

1-25 

2-44 


Wet * . . . 

48-1 

18-2 , 

6-19 

•67 ' 

5-54 

1-63 


. : 

Georgs-Marienhuette : 
Coke ash . 

35-9 

25-13 

19-36 1 


1-52 

1-07 

1-19 


Added mixer slag . 

24-53 

1-88 

11-54 1 

9-87 

23-0 

3-84 

•32 

4-94 

,, Siemens slag . 

14-0 

4-4 

14-0 

5-09 

27-47 ' 

4-76 

•41 

2-55 

Slag tapped 

32-33 


1-61 

4-90 

21-72 


•62 


Dust .... 

1 

36-7 

18-21 

7-03 

4-33 

6-51 

5-65 

2-75 

5-73 


* The content of silica in the wet dust was considerably higher in proportion to the other mineral 
impurities than in the dry dust, which may be attributed to the formation of volatile hydrogen-silicon 
compounds, such as is also found in reference to the dust produced by the water gas process. 


per twenty -four hours there is not needed a larger steel casing than about 
12' 6" diam. x 21' high. In other words, the ground space occupied per ton of fuel 
gasified is very small, compared with other gas producer types. 

The working results of a Wuerth and a Georgs-Marienhuette producer as 
summarized and compared by Markgraf are given in Table 63. 

A particular point to be noted from this table is the very high ‘‘ dust loss '' 
on the Wuerth producer. This dust was not the usual kind of more or less fine 
carbon particles that are obtained on other gas producers, but due to the intense 
rate of gasification comparatively large pieces of coke were practically “ lifted 
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out of the producer by the gas. The lower dust loss in the particular test referred 
to on the Georgs-Marienhuette producer may have been due to a smaller gas velocity, 
consequent upon a lower gasification frate ; that this is probably so in this case 
is confirmed by a later statement ^ by Hermanns that the Georgs-Marienhuette 



Fig. 34. — 1000 H.P. Pintsgh Liquid Slag Produceh. 

producer could not efficiently gasify material of finer grading than screened coke, 
since the dust losses became so great and efficient separation of the dust from the 
gas difficult. 

The Rehmann type of producer, shown in fig. 33, has been designed with a 

* ^ Hermanns, Liquid Slag Producers,” Z. d. Y. d. /., May 1, 1920. 
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view to using finer grades of coke. The specific features of this design are (1) that 
the hearth area is very much smaller proportionately than the area of the top 
surface of the coke, it being only about oiie-fourth of the latter ; (2) and that above 
the top of the fuel bed the producer casing ih extended in diameter, thus enabling 
a large annular dust-separating chamber to be provided for the gas before it leaves 
the producer. The narrowness of the hearth at the base will enable a sufficiently 
intense temperature to be reached to produce an easy flowing slag, while, due to 
the continuous increase in cross-sectional area of the producer in a vertical direction, 
the gas will travel at a slower speed. 



Fig. 35. — Pintsch Liquid Slag Pboduckes with Removable Base. 


The gas passes through slots in the “ false crown of the producer proper 
into the superimposed annular chamber, whereby it is caused to 'travel at a still 
slower velocity, thus settling out the bulk of the heavier dust. It is stated that the 
dust can be removed from the superimposed chamber and blown by an auxiliary 
connection on the air blast pipe into the producer again. 

The firm of Julius Pintsch in Berlin builds two types of liquid slag producers, 
a photograph of one of which is shown in fig. 34 ; generally speaking, this type does 
not differ much from those previously described. 

Their other type, which is especially adaptable to producers of small capacity, is 
illustrated by a photograph in fig. 35, while fig. 36 shows a cross-sectional elevation 
of the lower part of the producer. 


10 
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The producer in fig. 34 was used as a spare for making gas to drive a 

1000 B.H.P. blast furnace gas engine, during 
periods when no blast furnace gas was avail- 
able at the power station. Since blast furnace 
gas contains a negligible amount of hydrogen, it 
is possible to arrange for a higher initial com- 
pression pressure of the gas aifd air mixture 
in the engine khan in the case of producer gas 
made from a mixed air and steam blast. Gas 
engines which are designed for such high com- 
pression pressures as are permissible with 
blast furnace gas therefore often become un- 
reliable in operation if ordinary producer gas 
is used, while no such unreliability is experi- 
enced with producer gas made from “ dry ” 
air. 

The following are details of the operation 
results obtained when the producer was uqder 
test : — 



Fia. 36. — PiNTscn Liquid Blag 
Producers with Removable Base, 


Analyses of Products ciiARiiED 



Ash 

in Metallurgical (^oke. 

Iron Ore useH 

as Slagging Metliuin, 


(A^h 

content 10*2 per cent.) 

Fe 

. 27-91 per cent 

SiOa 


. 46-06 per cent. 

Mn . 

. 4-00 „ 

AlA 


. 16-79 

P 

. 1-09 

FejOa 


. 30-34 

Al/lg+BiO, . 

. 6-92 „ 

CaO 


. 2-79 

Cab . “ . 

. 12-86 

MgO 


•37 

MgO . 

. M 6 „ 

m 


•73 

H^O . 

. 6-06 



* 

Analyses 

OF Products removed 


SiO, 

Slag (hourly tai)pingH), 

. 32-06 per 

cent. 

GaH. 

CA . 

1-5 vol.per cent 

A 1203 


. 18-16 

„ 

0 , . . . 


FeO 


. 16-31 


CO . . . 

32-2 „ „ 

MnO 


. 5-64 


A . 

•5 ... . 

CaO 


. 25-12 

j’ 

Heating value at 


MgO 


•28 


N.T.P. : 




•53 

,, 

B.T.U./cub. ft. net 

111-6 

CaS 

< 

. M 6 


Cals./cub. m. 

993 
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The air was not preheated, and no steam was used, the thermal gasification 
efficiency being about 70 per cent. 

The air pressure was 1' 10" W.G. * . 

The gas pressure was IJ" W.G. 

The producer in fig. 34 was 3' in internal diameter, which for a 1000 H.P. 
capacity corresponds to a very high gasification rate, but, as mentioned before, this 
forced driving is essential to ensure that the slag becomes sufficiently fluid. 

Since the radiation losses from the lower part increase inversely with the size 
of gas producer, it is plain that the smaller the size of producer the more difficult 
will it become to maintain the slag liquid. To overcome this, to deal with ashes of 
high fusing point and also to meet with cases of low load periods, which would 
cause “ freezing ” of slag, the producer .shown in figs. 35 and 36 has been designed. 

Fig. 35 shows a battery of two such producers installed in a chemical works, 
where the gas, due to its high CO and low COj content, is a most economical raw 
product for the manufacture of formic acid. 

The producers are suspended from an overhead framework and provided with 
removable slag receivers placed on bogies, the arrangement of which is more clearly 
shown in fig. 36. a is the slag bogie arranged to nm on rails 6, c is a heavy asbestos 
joint between the stationary and the removable part, d the .slag spout, and e the 
ai »• blast nozzles. 

The base of the producer (with its more or less fluid slag) is disconnected from 
the body about four times per twenty-four hours and a fresh base connected up. 
During the period of interchange the firei bed is prevented from falling out by the 
inseiliion of false grate ” bars through the air nozzles — in other words, the fire is 
held up in a similar way to that used when clinkering water gas producers. 

To prevent interruption of the gas production, an exhauster (in the cold gas 
main) is put into o})eration, while the exchange of slag bogies takes place, thus 
causing the producer to be temporarily operated as a suction producer. 

An arrangement of this type is very cumbersome in operation and would 
probably require more skilled labour than the larger liquid slag producers, but from 
the point of view of a cheap continuous process for manufacturing practically pure 
carbon monoxide gas (in admixture with double its own volume of nitrogen, of 
course) for chemical works’ use, it is a novel departure from the hand-clinkered.dry 
air-blown small producers hitherto used for such purposes. 


Summary 

Haying now studied the development of the design of hquid slag producers, it 
tvill be in place to discuss generally the advantages and disadvantages of, as well 
IS the possible future field for, producers of this type. 

To melt the fuel ash it is necessary to work the producers at a very intense 
rate of gasification, which has the advantage of smaller capital outlay and Ifess 
abour per unit weight of fuel gasified ; on the other hand, the high rates of 
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gasification limit the grading of fuel that can be employed due to the dust, which 
is carried away from the producer with the gas current. 

No labour is required for “ poking clinker,” no mechanical parts require super- 
vision and renewal, and the ash requires no manual effort to remove it from the 
producer ; on the other hand, upkeep charges become higher, due to the repeated 
renewals of the special brick-lining (generally magnesite bricks) in tlie lower part. 

The slag is free from carbon and has a higher commercial value than the ash 
and cHnker mixture from ordinary producers, and with either ashes or a slagging 
medium of high iron content, pig iron (of a kind) is obtained as an additional by- 
product ; on the other hind, continuous working conditions are essential to satis- 
factory working, and the producer becomes too expensive in cost for small gas 
producer plants, except where special advantages can be counted upon from a gas 
low in COg and hydrogen. 

The gas made generally leaves the producer at high temperatures; therefore 
where the gas is to be used in its cold state there is a considerable thermal loss. 

So far as the author’s knowledge goes, it does not appear as if producers with 
fuel depths exceeding 12 to 15 feet have been put into operation, in spite of the fact 
that liquid slag producers can be worked with such high air blast pressures as '^ould 
be caused by increasing the fuel depth considerably. To increase the fuel depth 
would not only mean a decrease in the thermal loss (due to the sensible heat in gas 
leaving), but the dust losses would be decreased, since the gas volume leaving the 
producer, made per unit weight of fuel gasified, would be smaller (due to lower 
temperature and higher heating value). 

We have seen that steam can be added above the ash-fusing zone without 
seriously affecting the fluidity of the slag, and perhaps the future may therefore 
bring us a liquid slag type of by-product recovery gas producer. 

Should industrial oxygen become a commercial product for use in gas pro- 
ducers, as' has many times been prophesied, it will be clear, in cases where the 
hydrogen content of the final gas is to be maintained within reasonably low limits, 
that the proper apparatus for manufacturing such new type of gas will be producers 
of a similar kind to those above described. 

Fuels containing ash of a low fusing point are a constant source of trouble and 
uneconomical working in the operation of gas producers, and for that matter also 
in boilers. On the other hand, if treated in a liquid slag producer such fuels could 
not only be economically gasified, but, as they would melt at a low temp\irature, 
the life of the bosh and hearth brick-lining would be lengthened. Therefore in 
selecting the fuel which is hkely to be the most suitable for use in a liquid slag 
producer, the chemical composition of the ash, the temperature range of its semi- 
plastic stage, and its viscosity at higher temperatures should be investigated^ 
Obviously fuels with a higher ash content require a larger quantity of slagging 
medium added, while the type of slagging medium will depend upon the ash 
composition. 
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(B) HAND-ASHED PRODUCERS 

The hand-ashed producers, or, as they af^ also called, fixed grate producers, are 
sometimes classified according to whether the grate and the base of the fuel bed 
are open to and always freely accessible from the outside (“ open hearth ”) or not 
(“ closed hearth ”) ; and in the latter case, whether the separation of the fuel base 
and grate from the atmosphere is effected by means of a water lute or not. 

It is obvious that, to enable \he fuel bed base to be always directly accessible 
from the outside, the producer must be worked on the suction principle, be this by 
means of the natural draught of a chimney or by the induced draught of an exhauster. 

Enclosed grates and fuel bed bases are, however, not limited to pressure type 
producers only, since also many suction producers are inaccessible from the atmo- 
sphere. Access to the fuel bed base of closed hearth producers is given through 
poking holes and ashing doors, which are opened from time to time to effect removal 
by hand of the ashes and clinker in a hot dry state (“ dry bottom ” producers), or 
the ashing may be effected through a water seal into which the ashes fall after 
passing the grate, and from which they are removed in a wet state (“ wet bottom ” 
producers). 

While the open hearth type has the obvious advantage over the closed hearth 
type of better accessibility from the outside, a wet bottom producer has the following 
advantages over a dry bottom type : — 

(1) Constancy in quality of the gas produced because the air and steam mixture 

supplied to the producer is not altered during ashing. 

(2) Continuity of operation, since air blast has not to be interrupted while 

ashing. 

(3) Any sensible heat contained in the ashes is converted into steam when the 

hot ashes fall into or approach the water in the lute. 

(4) The water lute acts as a safety device in case of explosions. 

(rj) Any “ drop ” of fuel bed causing imburnt hot fuel to pass below the grate 
level will not cause damage to the steel casing and grate parts, as it is 
quickly quenched. 

Whether the one method of ashing or producer base design is adopted or the 
other, most of the various examples of types of grates to be described in the following 
may be used in connection with open or closed hearth producers, or with Wet or dry 
bottom producers. 

The hand-ashed producers are therefore best classified in accordance with the 
type of grate design employed, the following being a suitable classification : — 

Flat grate producers. Circumferential grate producers. 

Inclined step grate producers. Central grate producers. 

Diametral grate producers. Duplex grate producers. 

Grateless producers. 

The grate designs described in the following are only to be looked upon as typical 
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of their kind, there being nearly as many varieties of grate designs as gas producer 
makers. 

Flat Gra'te Producers 

Fig. 37 shows Bischof’s gas producer, which, so far as is known, was the first 
producer gas generator built. It will be seen that the fuel base and grate a is 



Fjo. 37. — Bischof’s 
Flat Grate Producer. 




Flo. 38. — Hermansen’s Flat Grate 
Producer. 


horizontal and serves as the main support for the fuel bed ; the air was sucked through 

the openings in the grate pit cover plate 6, 
through the fuel bed, and left as gas at the outlet 
e. Fuel was fed from d, and a clinkering door 
c was provided just above the grate level, through 
which the producer content could be removed. 

Some modem producers of the flat grate type 
are shown in figs. 38 to 41. 

Fig. 38 shows plan and elevation of a brick 
producer employed by the Danish furnace designer, 

Fia. 39.-— Nati^al Gas Engine Co.’s ^ Hermansen, when first-class gas producer coals 
Suction Producer, Sectional m -i i r -n .• ^ i ^ 

Elevation. are available for gasification, and the quantity 

gasified does not exceed two tons per twenty-four * 
hours. The producer is provided with grate bars similar to those used for burning 
coat under boilers, while the ashes are allowed to fall into a water basin below the 
grate bars. Above the grate a clinkering and fuel-emptying door is provided, at 
the upper edge of which a small water trough is carried whereby the hearth and 
door are kept cool while the evaporated water passes into the fuel bed. 


/7>w. 

Bncks 


^ir» _ 
Steam 
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Fig. 39 shows a sectional elevation of the grate of the National Gas Engine 
Company’s (Ashton-under-Lyne) suction producer, which this firm builds in sizes 
up to 500 B.H.P. A photograph of such a j'roducer of 40-60 H.P. capacity, with 
its auxiliary plant, is shown in fig. 40. The ^<p-ate is suspended from a hematite 



Fig. 40. — National Gas Engine Co.’s Suction Producer. 

casting over a water basin, access being had through ashing doors to the space below 
as well as above the grate. 

Fig. 41 shows plan and elevation of the grate of an American type of producer 
built by the Smith Gas Engineering Co. in sizes up to 300 B.H.P. The noteworthy 
feature about this flat grate is that the grate bars are connected to a reciptocating 
rod by means of which the bars can be rocked when the ashes are to be removed 
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from the grate. It should be noticed that the grate bars are. placed some distance 
below the brick-lining and its conical hearth plate extension, thereby causing a part 



Fig. 41. — Smith Gas Engineering Co.’s 
Shaking Grate. 


only of the air and steam blast to pass be- 
tween the grate bars, the remaining part 
of the blast passing through the conical 
surface of the ash and fuel layer between 
the grate bars and the hearth plate. 

The type of grate bars used in flat 
^ate producers may be single bars laid 
into a hearth plate just as is used in 
boiler practice (see figs. 38 and 39), 
thus enabling them to be easily re- 
moved and replaced through the ashing 
doors. For smaller producers, or where 
sufficiently large ashing doors are pro- 
vided, the grate bars inay be cast 
together in sections (see fig. 42). 

Ashing, clinkering, or fuel discharg- 
ing doors vary considerably in design ; 



Fig. 42. — Plan of Flat Grate fciKCTioN. 


essentially they consist of (see fig, 43) an iron frame d, riveted or bolted to the 
producer casing, containing a flat machined seat, on to which fits a hinged door 



Fig. 43.— Ashing Door. 


a, containing an asbestos joint h ; the asbestos is generally stout cord hammered 
into a dove-tailed slot in the doors. , The door is tightened on to its seat by the clamp 
c, which bjpr pressing centrally on the door distributes the pressure required for 
making the joint evenly ^ong the machined surface. 



GAS PRODUCER TYPES 


158 


Inclined Step Grate Producers 

Figs. 44 and 45 show diagrammatic dr.“ wings of two of the early types of 
Siemens gas producer. The grate is inclined to ihe horizontal, the advantage of the 
inclined grate versus the flat being that pokers can be inserted between the various 
horizontal grate bars, whereby the fuel bed is more easily controlled. 

Fig. 45 is mentioned by Trenklei^ as having been put forward by Siemens in 
1874 for the purpose of distilling and coking the fuel before it was gasified. 

The Siemens producers were built of brick and tied together with steel sections, 
on similar fines to the furnaces in connection with which they were used. In its 



essential parts the producer (fig. 44) consisted of a fuel hopper A, from which the 
coal was dumped on to the sloped side B of the producer, down which the fuel would 
slide during the progress of gasification, until it reached the grate bars C, where it 
would be finally burnt. The gas was removed through the outlet branch D, placed 
at the top of the producer ; poke holes E were sometimes provided, whereby the fuel 
could be poked from the top. To keep the fire bars cool and protect the men some- 
what against the heat of the grate, water was sprayed on to the base of ashes, say 
by means of a pipe F. This method of spraying water on to the ash base or grate 
is common to nearly all inclined step grate producers working under fluction, but 
obviously no large steam quantity can be raised by this means. 

Many recent gas producers, especially thdse built into and coixstituting a part of 
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a furnace setting, or coal retorts of coke ovens, are built on very much the same 
lines as were the old Siemens producers ; two typical examples of such modern 
designs are shown in figs. 46 and 47. Fig. 46 is a Hermansen type of producer used 



Fig. 45. — Siemens Producer With 
Step Grate and Distillation 
Retort. 


for various classes of fuels and built in sizes 
varying from J to tons per diem gasification 
capacity. The main difference between its de- 
sign and that of the early Siemens is that the 
ashpit and grate C is enclosed by a door B, 
having an adjuvstable slide for the air inlet when 
working under suction, or a branch for an air 
blast connection when worked under pressure. 



Some steam is raised in the water 


trough F by radiation from the 
grate, and the heat given off by 
quenching the hot ashes. 

Fig. 47 shows the Stein and 
Atkinson inclined step grate type 
of coke producer,^ used for firing 
various kinds of furnaces. The 
specific feature of this producer in 
comparison with those already de- 
scribed is that a transverse wall K 
is built across the upper part of 



the producer and parallel to the — hermansen’s Producer with Step Grate. 

grate bars, thereby isolating the 

gas offtake pipe D from the upper part of the fuel bed. By this means a large fuel 
storage chamber H is created, whereby, it is stated, it is found satisfactory to charge 


these producers with fuel only once per twelve or twenty-four hours, thus causing 


^ J. S. Atkinson. Trans. Soc. of Glass Tech., 1919, vol. 3. 
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saving in labour. It will be noticed that the gas flow through the fuel bed is more 
in a horizontal direction than in the previously described producers. It is plain 
that the “ depth ” of fuel bed will be far more constant than that of producers 
into which fuel is charged at shorter intervals ; thus this design will tend to yield a 
gas more constant in quality. * 



Fiq. 47. — Stein and Atkinson’s Producer with Step Grate. 


Diametral Grate Producers 

These practically all contain the salient features of the original Duff grate 
design, which consisted of, so to speak, two step grates inclined against one another, 
so as to form a roof-shaped ridge which extended right across the producer. Figs. 
48 to 51 show producers of this class. 

Fig. 48 shows a Duff grate built into a brick producer, attached to a gas-fired 
glass furnace (from Dralle, Glass Manufacture ) ; it serves as an example of how the 
steam-pressure-blown Duff grates, with a water-luted base, were adapted to producers 
otherwise fitted to work on the original Siemens principle ; many old furnace 
producers have in the past been thus converted. 



Diiat; 


ygroi: 



Fig. 48. — Duff’s Producer. 


The grate consists of several s 



grate bars c, which lean together at the 
apex of the grate and at their lower end 
rest on the cast-iron grate base plates r/, 
which extend below the water level, 
similar to the producer lute plate d, 

thus isolating any air and steam 

blown in - - r - from the atmosphere. 
Ashes are removed by shovel from the 
concrete water lute G, without interrup- 
tion of operation. Poking holes e enable 
any clinker lying on the grate to be 
broken loose ; poking of clinker can 
also be effected from the top poke 
holes/. 

Fig. 49 shows a modem type of Duff 
producer, which measures about 8 feet 
square in internal plan section ; it is pro- 
vided with vertical sides, thus enabling 
any chnker growth to be effectively re- 
moved by poking through the top poke 
holes /. It will be noticed that the 
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internal space of the grate is not open into the water lute, a concrete support 
being necessary to support the grate across the 8 feet span. A cleaning door 
enables any ashes to be removed from the i.iternal parts of the grate, when the 
producer is shut down, say at week-ends. The water lute is double ended,” so as 
to enable ashing along the whole of each side of the grate ridge to take place 



Fig. 60. — Hagan Producer. 


Figs. 50 and 51 are illustrations of a large producer as built by the Hagan 
Company of Pittsburg, U.S.A., which give a clear idea of the parts required to 
make a modern producer with diametral grate. It is doubtless an advantage to 
have the water lute made from iron plates, although concrete water lutes are generally 
cheaper to construct, and if properly executed, in the author’s opinion quite fjatis- 
factory in operation. It will be noticed that instead of the grate base being vertical 
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it is inclined in shape, the advantage gained by this being that the ashing shovel 
can move the whole of the ashes which form the base of the fuel bed. 



Fig, 51. — Hagan Producer. 


Circumferential Urate Producers 

Practically all modern producers worked at a good rate of gasification are made 
circular in cross section. The obvious step to take when adapting the experience 
^ain^ on the rectangular inclined grate producers to circular jiroducers was to 
provide the latter with a grate that could be seen and which was easily accessible 
?rom the outside. 

The Mohd producer was one of the first of this type. From fig, 52 it will be 
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seen that the lower part of the gas producer was made conical, the cross-sectional 
area at the bottom being smaller than at the top. From a cast-iron fire bar ring 



Fici. 52.— Mond I*kodl-oei{ Ubate. Hearth Prodi ckk. 


A, carried from the casing, were suspended a number of tapering grate bars B, the 
lower ends of which were slung round a cinnilar bar ring C, the whole forming a 



Fig 54. — Grate for Open Hearth Producer. 


suspended conical basket, through the 
sides of which tlie air blast was forced. 
From the central opening at the lower 
end of the basket the ashes were allowed 
to flow in a cone shape into the water 
lute. 

From poking or sight holes E, in 
the producer casing j)roper, the grate 
bars and fire base were visible, and 
the fire could be sliced and poked from 
the outside without exposing the work- 
men to the inconvenience of having fine 
ashes, or gas, or fire blowing into their 


faces. Producers of this design have 
been built in sizes up to 30 tons per twenty-four hours’ gasification capacity. 

Figs. 53 and 54 show the “ open-hearth ” grate, such as is used in the modern 
suction-gas plants built by Messrs. Crossley Bros, of Manchester. 



160 


MODER]^ GAS PRODUCERS 


Except for the fact that the producer is circular in cross-sectional area, the 
principle of the relation of the grate to that of the fuel bed is very similar to 
Siemens’ first producer, like which it has the advantage, highly valued. by many 
operators, of rendering the fire directly visible and easy of access. The producer 
body is carried from three or more supports A, which also are provided with ledges 


upon which three annular ring grates B, 



!, and D rest, each grate bar being of 
smaller diameter than the one above, 
thereby forming a circumferential 
inclined step grate. Each grate ring 
is made in sections, corresponding 
to the number of supports A, and 
each section is provided with a 
ledge round its outer edges, the 
hollow space thereby formed serving 
as a series of evaporating trays, to 
the upper one of which water is 
constantly suj)plied (see the small 
taps on the water-ring main '.in 
fig. 53). 

f 

Central Grate Producers 



JS 

Fig. 66.— Wilson Gas Peoducer with 
CENTRA ii Grate. 


It is a recognized fact that the 
resistance to the flow of gas through 
a fuel bed of even thickness is 
always less at the outside layers 
of the fuel bed, because the open- 
ings between the fuel particles and 
the gas producer body are greater, 
than those between the fuel particles 
themselves. For this reason grate 
designs have been developed in 
which the grate is placed concentric 
with the vertical axis of the pro- 
ducer, thereby increasing the length 
of travel for the “ edge flowing ” 
gases, and vice versa for central 
flowing gases. Although the central 


grates cannot be visible to the operator, the absence of any inclined producer walls, 
or of a step grate — either of which tends to “ hold up ” clinker and thereby often 
the fuel bed — enables a more free and unobstructed “ flow ” of ashes and clinker 


from the producer. Speaking generally, the gas quality from a producer with a. 
central grate is likely to be more constant and steady than that produced when, 
say, a 8te|f®5grate or a circumferential grate is used. 
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Fig. 5G.— H. Dawson’s Gas Puodticer with Central Grate. 


Various typical central grate designs are shown in figs. 55 to 58. 

Fig. 55 shows the Wilson producer, patented in 187G ; it is of the dry bottom 



fto. 67. International Gas Psodvoer with Central Grate. 
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type, while the air blast from the jet blower is introduced into the fuel through a 
series of “ pi^on hole ” openings B, arranged centrally on a brick-covered tuyere 
casting A which is extended right across £he fuel bed. Ashes were removed through 
the doors C, while a large opening D, temporarily closed up with brickwork, gave 
access to the inside for repairs. E is ta pokehole which enables poking to be done 

across the top level of the 
central tuyeres. 

Fig. 56 shows the 
Dawson producer patented 
about thirty years ago by 

B. Dawson ; in first prin- 
ciples it is characteristic of 
most of the central blast 
water-luted producers sold, 
in later years, by various 
firms. The air blast was 
introduced through the 
foundations under ^ the 
water lute, and discharged 
into the centre of the base 
of the producer, from the 
edges of a hematite cast- 
iron conical hood A, which 
also served as a cover pre- 
venting ashes from falling 
into the blast pipe. The 
producer body was carried 
from the foundations by 
means of cast-iron brackets, 
while a cast-iron plate D 
dipped into the water lute 

C, from which the ashes 
were removed by rake or 

Plan shovel. A series of poking 

F.O. 58!-Powe« G.S COBPOKATIOK'S Cbnteal Gbate Gas 

Producer. with the top of the grate 

hood, while the producer 
sides were straight in outline, thus facilitating the removal of the clinker and ashes. 

It should be noticed that the air blast is discharged in bulk, so to speak, hence the 
distribution of the blast could not be efficient over the lower part of the producer area. 

Fig. 57, which shows a design of bituminous coal producer manufactured by 
the International Clay Machinery Co., U.S.A., indicates how the efficiency of the , 
blast distribution has been increased by enlarging the cone and providing it with 
a number 4 >t slots similar to those used in a Duff grate. 
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If it is a question of* gasifying a fuel which bums slowly and does not alter its 
shape much during gasification, say anthracite, it would be necessary to make the 
central cone still larger in diameter. If, however, it is a question of gasifying a 
fuel which burns into a fine ash, such as some kinds of brown coal or peat, slots 
such as shown in fig. 57, for bituminous coals, -would clog up. 

. To meet with conditions such as the above, the Power Gas Corporation, Stockton- 
on-Tees, build a central blast step grate, such as is shown in fig. 58. The actual 
angle of the grate is altered to suit various fuels, as is also the annular space between 
the largest grate bar and the producer lining. The grate consists of a series of 
annular flat hematite cast-iron rings superimposed upon one another to form a 
cone having circumferential horizontal slots through which the air and steam 
mixture is distributed to the fuel bed. The following is a list of the general dimensions 
and capacities of the sizes generally supplied by this firm : — 


Internal Diameter of 
Rrick-lining. 

Height from Ground 
Ijcvel to Platform. 

Diameter of Gas Outlet 
Branch. 

Nominal Gasification 
Rate in Tons of EngUsh 
Bituminous Coal per 

24 hours. 

10' 0" 

] 1' 6" 

2' .3" 

19 

9' 0" 

11' 0" 

2' 0" 

15-5 

8' 0" 

10' 6" 

1'9'' i 

12-5 

6' 6" 

9' 3" 

1' 6" 

8-25 

5' 0" 

8' cr 

1' 3" 

5-0 

4' 0" 

7' 6" 

I'O" 

3-0 


Duplex Grate Producers 

Although, as stated above, producers generally burn more fiercely at the edges 
than at the centre, there have been cases where the centrally introduced blast 
does not reach and burn the fuel properly at the edges, and where the fire burns 
more fiercely in the centre than at the sides. To cover such cases, and get as even 
a blast distribution as possible, so-called duplex grate producers have been designed. 
These producers contain both a circumferential and a central blast supply, each 
of which can generally be independently controlled so that more of the blast can 
be introduced at the centre, or more at the circumference, as the case may be. 

Fig. 59 shows the duplex blast producer built by Huth & Roettger, Dortmund, 
Germany. The air blast at A branches into two separate connections B and C, 
the former supplying a circumferential grate with downward facing air slots D^, 
and the latter supplying a central grate hood with slots Dg. By means of valves, 
F^ and Fg, it is possible to independently control either blast current. The ashes 
are removed through the water lute. Particular notice should be taken of the fact 
that steam is introduced at G all round the periphery of the circumferential grate, 
it being claimed that “ edge ” clinker is thereby avoided. The producer sizes 
supplied to this design, and their gasification rates when using various German 
fuels, are as follows : — 
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Internal diameter metres 

1-8 

2-0 

2-4 

2-8 

30 

Approximate equivalent in feet and inche.s 

5 ' ir 

6' 7 " 

7' lO'' 

9' 2 " 

9' 10^ 


Gasification Rates in tons per 24 hours. 

A. Coal : 

Slack with 20 per cent dust 
and 10 per cent ash . 

4-6 

6-8 

9-11 

12-14 

15-16 

Slack with 40 per cent dust 






and 20 per cent ash . 

3-4 

4-6 

7-9 

10-12 

13-15 

B. Lignite : 

First - class lignites and 






briquettes .... 

7-9 

9-11 

16-17 

21-23 

26-28 

Lignite of inferior quality . 

5-7 

7-9 

11-13 

17-19 

21-23 

C. .Coke breeze or ballast 

4-6 

6-8 

9-11 

12-14 

15-16 
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LtST OF Dimensions 


tCln dlitance 
Centre to 
Centre. 

16 ' 0 " 

14' 6" 

13' 6" 

12 ' 6 " 

liG. 00. Camden Iron Works Gas Produckr. 

Fig. 60 sboTO a duplex type producer built by the Camden Iron Works, U.S,A., 

previously described in that the circumferential 
as space is open at the lower end towards the water lute, thereby causing 
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any ashes which might fall through the outer air slots to be removed through the 
water lute with the main ashes. «■ 

Fig. 61 shows the Mond-Trump duplex blast producer, which is of the dry- 

bottom type provided with a revolving ash table, 
which serves as a basis for the fuel bed ; this 
type therefore really belongs to the mechanic- 
ally ashed producers. The air blast is introduced 
through a horizontal pipe, which carries the 
central blast hood B and a flap valve A, 
through which air is passed to the circum- 
ferential grate C. 

Crateless Producers 

The fire grate of any producer will wear out, 
the length of life of the grate depending not so 
much on the design as upon the skill of the 
operator. To obviate this cost of uj^eep 
grateless producers are built, one of which, the 
Heller gas producer, is shown in fig. 62. Of 
this i)roducer, which is built in Bohemia, it is 
said that about 600 are at present in operation 
in Germany, Czecho-Siovakia, and Austria. 

As will be seen, the producer is very simple 
in construction, it being built of bricks bound 
with plain iron W7)rk ; the producer body is 
inclined towards the base, a very narrow space 
being left for the burnt fuel to pass ; at this, 
the narrowest part- of the producer, air slots A 
are provided, thus ensuring that the air will 
reach the central pieces of fuel ; the producer 
is of good depth, and of large area at the top 
surface, and should thus be well suited both for 
by-product recovery purposes and for dealing 
with fuels of a fine grading. Fuels up ' to 60 
Fig. 61 .— Mond-Trump Gas Producer, per cent moisture are said to have been success- 
fully dealt with in this producer. 

The result of a twenty-four hour gasification test on a Heller producer was 
as follows : — 



Coal gasified : 11*52 tons. 

Coal analysis : 29*3 per cent moisture ; 5*93 per cent ash. 
Heating value : 4271 cals./kg. net (7690 B.T.U./lb.). 


[Table 
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Gas A.NALYSIS 



Average of 

24 sam|i)ur. 

Maximum. 

Minimum. 

COj 

5-T 

7-8 

4-6 

CO 

27*0 

29-4 

24-3 

CH* . . . ... 

2-8 

3-6 

1-5 

H* 

18-7 

19-8 

16-8 

N, 

1 46-2 

48-3 

44-4 

Net cals./cub. m. 

1542-5 



Net B.T.U./cub. ft. . . 

173-3 




Summary 

Grate Benign . — The best is the one which causes the most even distribution of 
the air and steam mixture and at the same time allows for ashing and clinkering 
in an economical way. For producers that are working under continuous operating 
conditions, the grate adopted should be one that allows for ashing without causing 
an interruption in the manu- 
facture of the gas. 

The fact that the Helle/ 
producers have proved them- 
selves successful in work 
shows us how effective the 
most crude form of grate 
can be, so long as the other 
parts of the producer are 
properly designed. 

Grate Area . — By this is 
meant open spaces in the 
grate through which air and 
steam flow. For producers 
working under natural 
draught conditions the grate 
should be made of ample 
dimensions, and enable as 
much of the fuel surface as 
practicable to be exposed to 
the inflowing air current. 

For producers working under 
pressure the grate area can 
be ' curtailed considerably, 
always provided the openings in the grate allow for a good distribution. 

Sco^e of Use . — For works requiring only one unit of a large gas producer, or 
several units of smaller ones, the hand-ashed type will be found the cheapest both 



Fig. 62.— Heller Gas Producer. 
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in fiigt cost and operation, when a reasonably good-class fuel s available. Hand- 
ashed producers do not need fitters to see to their upkeep, or inspect and repair 
mechanical parts. 

For works requiring the supply of producer gas intermittently, ie. wten this is 
a spare supply to some other gas, or say the producer plant is shut down at nights, 
the hand-ashed tjrpe will generally be found the most economical. • 

• 

(C) MECHANICALLY ASHED PRODUCERS 

For works where large quantities of fuel have to be gasified, and where higher 
initial capital outlay is easily counterbalanced by the advantages gained by a supply 
of regular and high quality gas, or for works whicJi have to deal with clinkering and 
ash-rich fuels, the mechanically operated producers have a large field. In estimating 
the apparent improvement in working results which in many instances has followed 
the replacement of old static producers by mechanically aslied j)roducers, a proper 
allowance should, however, be made for the possibly bad condition of the old 
producers, and the whole of the improvement should not always b(‘ credited to the 
mechanical gi'ates. 

The first mechanically ashed producer was one patented by A. Wilson of 

Stafford, England (1882). and is shown in 
fig. 63. It was a modification made to the 
Wilson gas ])roducer (fig. 55), and consisted 
of a steel trough or water lute A into which 
the lower end of the producer body C was 
suspended, the body being supported on stout 
cast-iron columns D. A helical propeller B 
was revolved at a slow speed, thereby forcing 
the ashes over the ledge of the lute A, where- 
from they dropped into a bogie E. 

In 1883 and. 1886 another Englishman, 
E. Brook, put forward a producer with a re- 
volving central conical grate with spiral top. 
The next development was that of the 

Fig. 63 .-Wilson's Ash Scrkw Cohvkvor. American, W. J. Taylor, who in 1889 patented 

a producer in which the base of the fuel bed 
rested on a table which was revolved. A modern anthracite suction producer, such 
as now built by the Camden Iron Works, U.S.A., is shown in fig. 64. This producer 
does not difier in its first principles of design from the original Taylor design, and 
is representative of a type of which a very large number have been in successful 
use in U.S.A. on bituminous coal and anthracite. 

The ash table 1 is supported from a ball race 3 and made to revolve by means 
of the conical rack 4 and pinion 5, driven from outside the producer casing 
through a set of speed -reducing gears 7. By adjusting the “ finger 2, the amount 
of ashes removed can be varied, while the ashes displaced from the table are 
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from time to time removed by hand through the door 6, For very large producers^ 



Fig. 64. — Taylor’s Mechanical Ash Tablb. 


List of Anthracite Ruction rRODUCERS, 250 to 500 h.p. 


H.P. 

A. 

H. 

0 . 

1). 

K. 

F- 

G. 

H. 

J. 

K. 

250 

6' 3" 

r 11" 

15' 3" 

3' 5" 

4' 6" 

12" 

13' 4" 

11' 0" 

12" 

8' 1" 

300 

7' O'' 

8' 8" 

15' 3" 

3' 5" 

4' 10" 

14" 

13' 3" 

11' 0" 

12" 

8' 10" 

400 

8' 0" 

00 

16' 0" 

3' 5" 

5' 4" 

16" 

13' 10" 

11' 0" 

12" 

9' 10" 

600 

9' 0" 

1 10' 8" 

16' 0" 

3' 5" 

5' 10" 

18" 

13' 9" 

11' 0" 

12" 

10' 10" 


and fuels rich in ash, producers of this kind are provided with a conical ash pocket 
at the base (see fig. 61), from which the ashes are discharged into a truck. 

The shape of the centrally placed blast hood of the Taylor producer which 
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revolves inside the ashes is not such as to maintain the lower contents of the producer 
' in a slow movement, nor does its motion Ifend at the same time to crush any clinker 
formed. By arranging the plane of the ash table on an incline to the producer axis, 
Kitson (1897) obtains an agitation of the ash zone. 

The essential feature of this producer (fig. 65) was that the ash table 1, upon 

which the whole pro- 
ducer charge rested, 
was inclined to the 
axis of revolution, as 
was also the blast hood 
2 ; the revolution of 
the inclined ash table 
was effected by aid of 
the worm and worm- 
wheel 3 suspended 
below the bottom plate 
of the gas producer ; 
the air and steam 
mixture was not only 
blown into the fuel 
bed through the open- 
ings in the central 
blast hood 2, but also 
through a number of 
narrow slots in the base 
plate. On revolution 
the blast hood would 
cause a stirring of the 
central parts, while the 
fuel at the edges would be lifted and lowered alternately. In other words, the 
whole of the lower part of the fuel bed was to be kept in constant motion. To 
prevent clinker fusing on to the brick lining this was substituted by a water jacket 5. 

The first real industrial success of a mechanical grate gas producer was achieved 
by A. von Kerpely of Austria (1903 and 1904), and practically every mechanical grate 
gas producer now on the market in Europe is, in its first principles, a Kerpely 
producer. Whereas very little development and use has been found for producers 
of this class in U.S.A., the pnjgress of its use in Europe has been rapid, especially 
in (Germany, where many different grate designs continue to appear. 

Fig. 66 shows a sectional elevation of a Kerpely gas producer, which in its 
main principles consists of an internal (not exactly central) grate A, which is mounted* 
on the base plate B of a water lute or ash bowl, which in its turn is arranged to revolve 
on a ball race C, the drive being effected by a worm and wor\n- wheel G. The water- 
jacketed producer body D has its lower end suspended into tjie water lute by means 
of bent cofumns E. Ashes are discharged by the shovel F in a similar way to the 



Fig. 66. — Kitson’s inclined Mechanical Ash Table 
AND Grate Hood. 
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discharge from an edge runner mill. The shovel is generally made of two parts, a 
back plate riveted on to the lute plate <J£ the producer and a movable shovel, say 
10" wide by r to thick, which, by means of a screw and handwheel, is caused 
to slide up and down in guides provided on the back plate. 

Air can be supplied by a duplex system of blowing to either the air slots in the 
centre part,* or to the slots in the outer parts of the grate, two independent air 
supply pipes being pro- 
vided for this purpose, the 
pipe H supplying blast 
through the pipe shown 
dotted to the central part, 
while another pipe sup- 
plies air to the blast pit J. 

The internal blast supply, 
which is fixed to the re- 
volvable ash pan, is iso- 
lated from the stationary 
blast piy)e by a water lute 
K, while another isolation 
lute L is provided for the 
external blast supply. 

During revolution a cer- 
tain quantity of fine ashes 
is pressed through the air 
slots in the grate, and 
accumulates in course of 
time in the blast pit J 
and the central air sup- 
ply pipe. From time to time the ashes are cleared out through the doors M and 
N ; during such periods (say at week-ends) the producer must be out of operation. 

As will be seen from the sectional drawing and plan view of one design of a 
Kerpely grate, shown in fig. 67, it has a polygonal oblong base with vertical sides, 
upon the top of which is placed an unsymmetrical (or eccentric) pyramid made up 
from a series of hematite iron segments, about IJ" thick, built on top of one another 
and held together with a central bolt. Each grate segment is interlocked with the 
two adjacent ones, so as to form a rigid structure. 

The Kerpely producer is built in England by Messrs. E. G. Appleby & Co., 
London, a photograph of one of whose installations is shown in fig. 68. This plant 
has successfully used belt pickings from a North Stafiordshire colliery, so-called 
‘‘ batts,” which is a mixture of coal and shale, i,e. a very ash-rich fuel. 

A comparative test between Messrs. Appleby & Co.’s Kerpely producer and a 
fixed grate producer was carried out with the following results : — 

Fuel Analysis : — Fixed carbon, 42*03 per cent ; vol. hydrocarbons, 23*65 
per cent ; sulphur, 2*42 per cent ; ash, 23*90 per cent ; moisture, 8*0 per cent. 



Fig. 66. — Kbkpely’s Mechanical Geatb Gas Producer 
Elevation. 
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Gas Analysis 



* Kerpoly Producer. 

Fixed Grate Producer. 

CO, 

2*94 per cent. 

11-0 percent. 

CO 

25-42 ., 

17-5 

OH, 

3-26 ., 

2-75 „ 

. 

8-96 

9-0 ‘ „ 

Total combustibles .... 

37-54 • „ 

29-25 „ 

Moisture in grammes/cub. m. gas . 

33-6 

46-5 

Carbon content in ashes . 

7-0 

17-0 




Fio. 67.— K^EfBLY’s Mechanical Grate Gas Producer, 
Detail Op Grate. 


These test figures do not show 
all tlie advantages of using a 
mechanical grate, for less steam 
can be used, especially when the 
producer has a water jacket 
preventing the adhesion of 
clinker to the walls. 

Messrs. Stein & Atkinson, 
London, build the gas producer 
shown in fig. 09. This pro- 
ducer is yirovidcd with a sym- 
metrically shaped grate made 
up from a series of rings super- 
imposed upon one another to 
form a conical step grate, the 
axis of which is placed eccentric 
(say 3" to V) to the axis of 
revolution of tlie revolving ash 
pan. In this respect the grate 
design corrcsjxmds to that first 
})atented by Kerpely. A not- 
able feature of the S. & A. pro- 
ducer is ^^hat the grate base is 
provided with a series of radial 
projections, and that the lute 
plate of the producer body, 
besides being of larger diameter 
at the base than at the top, is 
provided with a series of in- 
dentations. It is claimed that, 
by this irregularity in shape, 
clinker is broken up and crushed 
better. The ashes are dis- 
charged in the ordinary way by 
means of an adjustable shovel. 
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The Power Gas Corporation, Stockton-on-Tees, build the Lymn-Eambush 
producer, a sectional drawing of which is shown in fig. 70, and a photograph in fig. 71. 
This particular grate A is symmetrical in shape, and placed concentric to the axis 
of revolution of the ash pan, thereby, it is claimed, preventing unbalanced stresses 
being set up in the ash table, with the result that a longer life will be given to the 
mechanical parts. 

To achieve the main object of a mechanical grate, namely, to keep the lower 
parts of the fire in a constant though very slow motion, the Lymn-Kambush grate 
is made of irregular (although symmetrical) outside surfaces. The top surface is 
made of several hematite iron sections of broken spirals D, whereby on revolution 
(in the direction indicated) the lower part of the fuel bed is maintained in a state 
of continuous but very sknv vertical movement, while the ashes flow freely down a 



Fig. 68. — Photograph of Battery of Kerpely Producers. 


series of interlocked grate bars E, the openings between which, so to speak, 
always move away ” from the fuel, thus preventing clinker or ashes accumulating 
and clogging up the ambushed air parts of the grate. The outer vertical surface of 
the grate F is made uneven in shape, so that there is also a tendency to crush the 
clinker against the producer sides previous to their discharge into the outer annular 
space of the ash bowl B. 

A gas producer does not always burn evenly at all parts of the circumference, 
and to effect a removal of the ashes more quickly from those parts where the burning 
is quickest a series of auxiliary “ ash ploughs ’’ G are provided which convey the 
ashes from inside the producer to the outer space of the ash bowl, whence they, in 
their turn, are discharged by the main ash shovel C, of which there is only one. 
The ash bowl of the producer illustrated is not supported on ball bearings, but on 
larger rollers, thus making the underside of the ash bowl and the internal blast pit 
more accessible for inspection and eventual repairs. 
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thp iS! the ash bowl k efiected by means of a worm and friction wheel, 

the latter being operated by a smaU steam jigger, the steam from which is exhausted 



Fio. 69 .— Sbcmonal Elevation of Stein & Atkinson’s Mechanical Geate Pkodcoeb. 

into the producer air blast. By this means the cost of the power for driving the 
mechamcal grates, which is generally about one is eUminated. 
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The gasification results on page 176 show the average maximum and minimum 
contents of gas components obtained from tests on a 10' producer, taken twice per 
day during a period of two weeks. 



Fio. 70.— Lymn-Rambush Phoducer. 


Regarding the German types of mechanical grate gas producers, we cannot 
describe the details of each here, but can only give illustrations of and a short 
description of a certain number. 
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Rate of Gasification. ^ 

18 cwts. per hour. 

Fuel analysis : , 

Per cent. 



Fixed carbon 

61-2 



Volatile matter 

32-6 

• 


Ash 

• 4-1 



Moisture 

4-5 



Gas analysis : 

-Average. 

Maximum. 

Minimum. 

COo . . . .... 

4-9 

6-5 

4-1 

co“ . 

27-2 

28-5 

25*6 

CH4 

3*7 

4-2 

2-7 

H. . 

14-9 

10-4 

12*1 

Total combustibles 

45-8 



Carbon content in producer ashes 


9-2 



The Ehrhardt and Sehmer mechanical grate producer is shown in fig. 72. ‘Its 
main features are a plain concentric conical grate (made up from annular rings) 
placed about 4" eccentric to the axis of revolution of the grate ; the ash pan is 


Surfaces wkh Spiral Contour, 


Producer Shell, 


Protecting Cap, 



Veritcaf ^ 
Crushing Surfaces 
of f^tchet 
Shape Outline, 


. Sow! 
forming 
Water Lute, 

■Worm Rack for Drive, 


Fio. 71 . — Lymn-Rambush Grate. 


mounted on roller bearings, a detail of which is given in fig. 73. They consist of two 
rollers, each about 10' in diameter (with bronze bushes), arranged to revolve, one 
on a horiz(^tal and the other on a vertical shaft. Thus the rollers not only carry 
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the weight of the ash bowl and superimposed content, but they also serve to maintain 
the revolution of the track in a true circle. ^ 

The Pintsch producer grate has a cylindrical central base on top of which is 
placed an unsymmetrical cone ; it is shown in fig. 74, which also gives a good idea 
as to the pawl and ratchet driving mechanism, arranged to be operated from an 
eccentric on a line shafting running about 45 R.P.M. It should be noticed that the 
worm driving gear, as well as the ash bowl supporting rollers, are mounted on one 

common bed plate, thus making 
all the stresses self-contained, 
which is essential in case the 
foundations are not strong 
enough to resist these. 

The results of gasification 
tests made on such a pro- 
ducer, about 9' — 10" in dia- 
meter, are shown in the table 
on page 178. 

Fig. 75 shows the Thyssen 
type grate, which is a very 
])lain and simple arrangement 
of an eccentrically placed coni- 
cal grate. By providing the 
side -thrust rollers above the 
level of the worm wheel, both 
they and the lower carrying 
rollers become easier of access. 




Fio. 73.— -Detail of Double 
Roller Beabino. 

Fig. 76 shows the Rehraann type of mechanical grate gas producer, some of 
which were put into operation in this country previous to the war. The special 
feature of this type is the method of agitating the base of the fire, which is effected 
by four separate cone grates which are joined together, one large one (A) being, in 
the centre and three smaller ones (B) placed symmetrically round it. To ensure 

12 


-If.:- 
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Type of fuel 

Westphalifin bituminous 
nuts. 

Mixture of run of mine 
from three collieries 
containing dust below 
5 mm. 39-5 per cent. 

Analysis of fuel . 

Moisture 


1-48 

l‘-30 


Volatile matter . 

•27-14 

22-50 


Fixed carbon 

64-30 

60-05 


Ash . 


7-08 

16-15 

Gasification rate. Tons per 





twenty-four hours . 


21-05 


14-1 

Gas analysis 

. 


3-5 

4-5 


CnHin . 


0-3 

0-2 


0, . . 


0-0 

0-0 


CO 


27-4 

26-1 


CB, . 


2-7 

2-4 


H,. . 


11-8 

11-7 

Moisture content of gas, 





grammes per cub. m. . 


33-0 


30-8 

Blast pressure, mm. W.G. 

123 

92 

Gas pressure, mm. W.G. . 

29 

29 



Fio, 74. — Photograph of Pintsch Meohanioal Grate. 
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Fig. 75. — Photograph of Thyssen Mechanical Grate. 


equal distribution of the air and 
steam to the apex of each separate 
cone, the air and steam are dis- 
tributed by separate branches to 
each. 

A grate such as this on revolu- 
tion may have a tendency to 
cither upset the fuel bed consider- 
ably, or the spaces between the 
cones may clog up and set hard 
with ashes. If the former be the 
case, the wear will be very rapid ; 
and if the latter be the case, 
the grate does not fulfil its main 
object. It may perhaps there- 
fore be reasonable to assume 
that one of the above or other 
reasons have caused this firm to 
adopt the propeller-shaped grate 
shown in fig. 191, which would 
be more suitable for certain 
fuels than the design shown in 
fig. 76. 

E. Hilger’s first mechanical 
grate is shown in figs. 77 and 
78 ; it is a star ’’-shaped grate, 
the air being introduced all 
round the circumference of the 



Fig. 76. — ^Rehmann Mechanical Grate Producer. 
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“ star edges.” A novel feature about the Hilger producer is the method 
employed for the drive of the grate. Usually the producer grates are moved 
forward in single jerks each time the pawl or friction clip moves on the 

wheel. With the Hilger 
producer the grate is 
moved forward with one 
long jerk, and on the 
return stroke of the 
eccentric rod the grate 
is moved backwards 
one short jerk, thereby 
causing, so to speak, a 
“ shaking ” of the ashes 
in the lower part. It is 
obvious that this method 

Fig. 77. — Hilger’s Mechanical Star Grate Producer. of driving requires more 

power ; but if the claimed 

effect is efficiently achieved in practice, it probably is worth while expending 
such extra power. 

The firm of Poetter, Dusseldorf, give (as per table on the following page) the 
gasification rates in tons per diem 
of their Hilger producers, when using 
various fuels. 

It will be noticed that the “ star ” 
grate has a very irregular surface, 
thereby probably giving the ends of 
the “'Star arms” a short life, and 
the remarks made regarding fuel- 
bed agitation in connection with 
the Eehmann grate probably also 
apply to the Hilger design. It is 
said the Hilger gas producer grates 
are now made as per fig. 79, which 
shows no sudden changes in sha})e 
causing great wear. This grate is 
made up of three sections of square 
hollow plates, on each side of 
which an air slot is provided, so 

that on revolution of the grate fw. 78.-HiLaEB’8 Meohasioal Stab 

the air spaces are kept open and Grate Producer. 

prevented from clogging up with ashes. 

Fig. 80 shows another star-shaped grate, the Goetz type, the idea of this 
particular desi^ being that the star vanes will have, so to speak, a “ milling ” 
action onfthe clinker, thus effecting a better crushing. 
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Gasification Capacity (Hii^eb) in tons pee 24 hours 


Internal Diameter of Producers. 


Fuels. 

2000 mm. 

2200 mm. 

2600 mm. 

3000 mm. 

Bohemian lignite 

16-18 

20-22 

26-29 

33-36 

Khenish lignite briquettes . ’ . 

16-18 

20-22 

26-29 

33-36 

Washed nut coal 

10-12 

12-U 

16-19 

21-24 

Rough slack with 20 per cent of dust . 

9-11 

11-13 

15-18 

19-22 

Pea coal with 50 per cent of dust 

7-5-8-5 

9-11 

12-14 

16-18 

Waste coke 

6-6-5 

7-8 

9-11 

12-14 



Fig. TO.^—Hilger’s Modified Mechanical Grate, 

Fig. 81 shows the Barth grate, in which the central top A of the grate is lifted 
up or down while the ash tray is revolved. This top is square in plan, and contains 
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four internal rollers B, which are arranged to revolve on an undulated irregular 
stationary roller track C, whereby the gr^te top is lifted up or down and also given 

a swinging side movement. This motion is 

a pniy effected in the centre, and probably has 

a better effect than lifting of the whole fuel 
bed, such as was provided for ill the earliest 
type of the* Lymn-Rambush grate. (See 
British Patent No. 1232, 1912.) 

Fig. 82 shows another type of Goetz 
mechanical producer in which a stationary 
flat grate A provided with a number of 
narrow air slots extends over the whole 
cross-sectional area of the producer, it being 
, supported on brackets B, which in their 
turn are carried from the fixed lute plate 
extension D of the producer shell. The 
water lute and ash bowl is revolved in the 
1 usual way ; it carries a ce:itrr^ extension, 
^ which passes Ihrough a hole Ji the flat 
grate "A, and which is iirovided ;r its upper 
end with a douhh-arnied asli I- nil,, or grate 
scraper (', which, on revolution of the ash 
^ bowl, causes any ashes to be scraped off 

1 fl — t " 1 I grate, from which they fall into 

the water lute. It is claimed that by 
adopting this design of sorni-dry bottom gas 
producer for dealing with browui coal of 
over 50 per cent moisture content it has 
been possible to successfully maintain a 
good gas at gasification rates of 150 to 160 
kg. of theoretically dry fuel substance per 
sq. m. of producer area and hour (32 lbs. 
per sq. ft. and hour). 

Fig. 83 shows the Huth & Roettger 
type of gas producer, with blast supply to 
both centre and periphery (see fig. 59), as 
I II ^ II I well as spiral-shaped fuel-bed, agitator. This 

I i 1 ^ broken double spiral or snail-shaped agitator 

FlO. 80.-GOETZ STAB-SHAPEn OEAm ^ 

^ ^ gradually and then suddenly lowered agam, 

while its vertical surface provides a means for crushing ashes. A similar double ^ 
spiral agitation of the fuel bed was tried out by Mr. A. H. Lymn and the author 


Fig. 80. — Goetz Stab-shaped Gkatb. 


I several years ago, but discarded again because the agitator, which was part of 
the grate itself, burnt out too quickly and “upset” the fuel -bed condition 
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considerably. The spiral in fig. 83 does not contain any air slots, and probably 
it is for this reason more successful in op^ation. 

Figs. 84 and 85 show two types of fan-shaped grates, made by the Gas Engine 
Works, Koln-Deutz and Bamag, Berlin, respectively. In both of the grates the 
air blast outlet is under the cover of the “ fan vanes,” and, since the direction of 
revolution of the grate is “ away ” from the air openings, no clogging up of these 
can take place. • 

Fig. 86 shows another design of the Bamag fan-shaped grate, such as is used 
in their dry-bottom producers for high blast pressures (see fig. 91). 



Figs. 87 and 88 refer to a mechanical grate gas producer built by Flinn & 
Dreffein Co., U.S.A., which shows entirely different principles from the mechanical 
grates described above. The stationary part of the mechanical generator rests 
upon four heavy cast-iron legs. The brick-ring casting at the bottom carries a 
lute ring which is suspended in the water seal carried by the movable section. The 
motion of the movable section is eccentric (not revolving) through a circle two inches 
in diameter. The movable section consists essentially of — 

Ash pan carrying the water seal, having four extensions into which the ash is 
forced, and from where it may be removed by hand. 

Tuy^e,' which, comprises the central air and steam discharge casting, together 
with four arms and an annular ring at bosh. The top of the tuyere is the shearing 
level between the mechanical and stationary parts of the generator. 

Driving mechanism, which imparts an eccentric motion to the movable sections 
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by two cranks located at 90° apart. A 1 H.P. motor provides the necessary power 
for operation, the actual load being less than this. 

The Ah discharge is efEected by means of a cast-iron ring held stationary by 


gas producer types 


JL X irj2i5 

fom arms supported by brackets on the side of th. 

^ rp„^^ rz 

hi£^ 



i'/o. 84 .-I,k„t 2 Fan.shapbd Crate 



--.T-AAAMx-jsu VfRATB. 

""• ■>' “•‘"•i- 
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Fig. 89 shows the mechanical ashing means employed by Akt. f. Brennstoff 
Vergasung, Berlin, on their “ Chamber gas producers. The cross-sectional area 
of this producer is rectangular as in the case of the Heller gas producer (fig. 62), 
and units of very large gasification capacity are obtained by continued extension 
of the “ chamber ” in one direction. The ashes are removed at the base by the 
movement of single or double reciprocating slides which are operated externally 



Fio. 80 . — Bamag Fan-shaped Grate for Dry -bottom Producer. 


by hydraulic or electric power. Ashes pushed ofi by the slides fall into conical 
hoppers at the base, from which they may be removed by a scraper conveyor. 

Ii will be seen that the producer has no gratis, but that the air enters freely all 
round the edge of the producer walls ; to force the air more towards the centre 
of the fuel bed the top of the fuel is maintained higher at the edges than at the 
centre. 

Other methods of mechanical ashing and designs of mechanical grates are 
referred to in connection with figs. 140 and 146, which deal with the high duty gas- 
producer “ machines ” of American origin. 
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High-pressure Producers •with Mechanical Grates 
When the fuel bed offers a large resistaii^e to the gas flow, be this caused by 



Eig. 87. — Funn-Dreffbin Mechanical Grate Producer. 


;uel of fine grading being employed, or on account of a deep fuel bed having to be 
ised, it is clear that the depth of seal of the producer body into the revolving^lute 
vill have to be increased correspondingly. WTien using lute depths exceeding 18 '' 
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to 20'' it is practically impossible to effect proper discharge of the ashes by the usual 
kind of shovel shown in previous iUustratfons of mechanical grates. 

To remove the ashes from such deep lutes the Bamag Company employs the 
contrivance in fig. 90, which shows a small bucket elevator A inserted into the lute, 
and arranged to discharge the ashes into a truck or ash shute. 

To avoid any cumbersome method such as this, this firm also builds mechanical 
grate dry -bottom producers such as are illustrated in fig. 91 . The whole of the base 
of the producer is enclosed by a base-plate casting A, which contains in suitable 
recesses the carrying rollers B and side-thrust rollers C, for the revolvable dry 
ash plate D, upon which in turn sits the grate E. The ash plate i§ driven from a 



Fia. 88 . — FiinN'Dreffein Mechanical Ghate Pkoduceb. 


worm and worm wheel attached to its lower side. The ashes are scraped off the 
plate into two ash receivers F, from which they may be emptied from time to 
time into underground trucks G. Similar producer types have been in successful 
work for years in connection with water-gas generators. 

Summary 

Whether all the various grate designs and systems will justify their existence 
for the coming decade is difficult to say, but we may perhaps be justified in summaris- 
ing from the above the requirements that a good mechanical grate has to fulfil, as 
follows 

It must maintain the lower part of the fuel bed in a steady, continuous, but* 
slow movement. 

It must not possess top sudden changes in the shape of its external surfaces, 
any sudden projections near the fire zone being always subject to heavy wear. 

It shofiM ffistribute the blast evenly over the whole fuel-bed surface. 
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Its air channels should be maintained free and open when the grate is revolved. 
It should crush any large clinkers to smaller pieces before these reach the ash- 
removing appliance. 

Operation of Mechanical Grates 


The grates of mechanical producers are revolved at a very slow speed, generally 
not quicker than one revolution, in one hour and generally not slower than one 


revolution in ten hours ; between 
three and a half and five hours 
being average practice. 

The rate of revolution is deter- 
mined by the rate of gasification of 
the producer and the ash content 
of the fuel, because the more ash 
there is made per hour the more 
has to be discharged by the ash 
shovel. The speed of the ash base 
is also governed by the shape of 
the grate and the amount and 
mpidity of agitation required when 
gasifying a given fuel. 

The rate of ash discharge is 
not oiily dependent upon the 
number of revolutions of the ash 
bowl, but also upon the depth to 
which the ash-removing appliances 
are “ dug ” in. 

Thus it will be seen that so 
many factors combine to determine 
the best speed that the “ best 
speed ” may have to be changed 
from time to time as demanded 
by the operating conditions to be 
fulfilled. Generally speaking, a 
slow continuous speed gives better 
gasification results than quick 
speeds worked intermittently. 

No two producers of a battery 



will work alike, and therefore « ^ ^ „ 

, ... Fig. 89. — Bkown Coal Producer with Reciphocating 

It should always be possible to Ash Discharge. 


revolve each ash bowl at a 


different speed from the others in the battery. 

The mechanical means used for revolving the ash bowls are various, the principle 
of them all being to fulfil the above conditions of obtaining a slow but adjustable speed. 
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The ash bowl may be supplied with a worm rack or spur rack (fig. 83), or 
ratchet rack (fig. 87) ; the rack in all «ases has to withstand the forces required 
during operation. The existence of a force to be resisted of 5 to 10 tons at the 
circumference of the ash bowl of a 10' internal diameter mechanical grate producer 
is no unusual occurrence. The driving mechanism must therefore be one of sub- 
stantial dimensions, allowing for the taking up of the side thrust from the ash bowl ; 
other forces to be resisted are those characteristic gf the method of drive, and cannot 
be discussed here. 

The mechanical efficiency of the means of driving does not play a very great 

role, since in any case the power 
required per producer is only from 
I to 2 H.P., but it is certain that one 
cannot find many less mechanically 
efficient means of operation than 
the eccentric and worm drive com- 
monly employed. On the other 
hand, these means are some of the 
simplest we possess for obtaining 
in an easy way a quick speed 
reduction from say that of a motor 
running at 500 to 800 E.P.M. to a 
gas producer ash bowl running at 
10.000 of this speed. 

Fig. 92 is typical of a direct 
ratchet; drive (used on the Barth 
grate). Through the lever crank a 
two pawls, \ and are brought 
into action with the ratchet wheel 
c, wffiich is keyed on to a shaft 
carrying, an eccentric pin c, which 
by means of a connecting rod d 
moves the main ratchet lever / in 
a slow forward and backward direc- 
tion. This lever / is oscillated 

Fio. 90 . — B4MAG Wet-bottom High-peessube round the pin g and supported at 
Mechanical Grate Gas Producer. its free end by the roller h ; fixed 

to / are two pawls j, which work 
into the ratchet h, on the ash bowl. To prevent ‘‘ back lash ” of the ash bowl 
two non-retum . pawls I are provided. If proper facilities are provided in the 
design for the various reciprocating or rotating parts to be easily accessible for . 
lubrication and repairs the mechanical parts should with proper attention last for 
several years. 
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Ash Removal 

To facilitate the removal of ashes front a battery of mechanical grate producers, 
t is an advantage to arrange the foundation le\ al so high above ground level (or rail 
evel) that the ash can be discharged by gravity.directly into large ash bogies, or, where 



;he ashes arc to be removed from the works by rail, in actual railway trucks. Aprons 
)f mild-steel plate are generally used to guide the ashes falling over the ledge of 
ihe ash bowl into the ash trucks (see also pages 363 to 366 for other arrangements). 
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(D) PRODUCER CASINGS AND BRICK-LININGS 

I* 

The gas producer body generally consists of firebrick contained inside a steel 
casing, the shape of the casing and position of its fittings being arranged in such a 
way as to fit the lining. 

The primary object of the brick-lining is to serve as a heat ins\ulator and a 
fireproof agent ; and although in the early forms of Siemens gas producers (see 
fig. 44), and even in some of the modern semi-gas fired furnaces (where producer 
and furnace brickwork are built in one) the brickwork is only held together with a 
few steel sections and tie bolts, it is now general practice to encase the brick- 
lining with steel, for obvious reasons concerning the superiority of this material 
in regard to resisting mechanical stresses and impermeability to gas leakages. 


Some gas producers are provided with bricks throughout their whole depth 



and at the crown ; others 
have the side partly or 
wholly water-cooled ; and 
again, others have a 
water-cooled top. Apart 
from one or two ex- 
ceptions (fig. 150), every 
gas producer body is 
provided with a bricked 
portion. 

Most of the early types 
of gas producers were 
rectangular or square in 
cross section. It was 
soon found, however, that 


Fig. 92.— Direct Ratchet Drive for Ash Bowl. unless the fuel were SQ 


distributed over the top 

of the fuel bed that the latter became of even depth throughout, there was 
always a tendency for the fire to burn brighter at those parts where the least 
fuel depth existed. Since with a producer circular in cross section and centrally 
placed fuel-feeding device there is more likelihood of obtaining a fuel bed of even 
depth, practically no modem producers are made of any other cross section than 
circular. The circular shape has the further advantage that the bricks which form 
the cylindrical lining key easily with one another, due to their taper shape. 


Design of Brick-lining 

Fig. 93 shows a few details of various types of brick-lining. 

"^Views a, c, and d show three different systems of lining, viz. — 
a, A ring of 9^^ x x y firebricks which are backed by a 2" lining of insulating 
bricks .between which and the steel casing about V thickness of fireclay 
ft rammed do^n. 
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Fireclay 


c, A ring of O'" x x 3'' firebricks wbicb are backed by a 4=^ thick linin g of 

common red brick with a thi6k layer of tightly rammed fireclay. 

d, A ring of O'' x 4^" x 3" firebricks which are laid about away from the steel 

casing, this space being rammed with fiieclay. 

These three systems, all of which are in vogue, have been arranged in the order 
)f cost — ^the most expensive^'first, ihe cheapest last. It has been customary in many 
producers to provide a backing of sand, coke, or ashes, of say 2" thickness,- instead 
)f the insulating bricks. This will not be satisfactory in case the lower part of the 
jrick-lining should become damaged, a brick be poked out, etc., the ultimate result 
)eing that the gases will pass between the bricks and the casing. 

For gas producers pro- 
dded with circumferential 
dr supply it is most 
jssential that the bricks 
•eraain absolutely tight 
igainst the casing, thus 
preventing any short- 
jircuiting of the air be- 
iween the bricks and the 
5asing to the top of the 
:uei bed. 

Seeing that the radia- 
ion losses from the shells 
)f gas producers are gener- 
illy of a low order (see 
pp. 57-69), we may take 
t that the system of 
ining shown in d will be 
satisfactory for most 
purposes, except perhaps 
:or producers where the temperatures in the lower part are very high, in which 
jases either of the systems a and c will be satisfactory. 

The body bricks should always be laid as headers, the various layers being 
ponded as shown in b ; the joints between each brick should be made as thin as 
possible and under no circumstances should this exceed J". 

The fireclay used for setting the bricks should always be made from the same 
play as the bricks, and it should not be prepared thick like a mortar, but rather 
}hin and fluid, like a paste or thick whitewash. One ton of fireclay should be quite 
jufficient for setting 4000 standard 9^ x 4^" x 3" firebricks. 

Since nearly all producers are cylindrical in shape, the body bricks should have 
’adial sides ; thus the completed brick ring will become properly keyed together, 
[t is not necessary to make all bricks radial ; every other brick may be a standard 
X 4^" X 3" brick; while each of the remaining bricks receives the taper of two. 

13 
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■Details of Bricking Systems for Producer Casing. 
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Fig. 94. — Details of Poking Hole Blocks 
ON Producer Casing. 


Although the brick sketches all show a total lining not less than 9^^ thick, it 
should be mentioned that this thicknesses not essential on smaller producers, and 

at the upper parts of producers 
which are worked cooler at the 
top. A common thickness on many 
small anthracite power producers 
is 

At the top of the body bricks, 
from which the brick crown springs, 
care should be taken that proper 
seating bricks (see e, fig. 93) are 
provided for the crown, and that 
these are set right back against the 
shell, otherwise a later “ sliding out ” of the brick crown may have disastrous 
results. Such a brick as that shown is, of course, a shape that will have to be 
specially moulded. In designing this or any other special bricks care should be 
taken to avoid, as far as 
practicable, any sharp cor- 
ners, as these may be easily 
broken off in transit. 

Similar remarks apply to 
the design of other specials, 
for instance, poking hole 
blocks (see fig. 94). The 
poke hole shown here con- 
sists of four identical pieces, 
having sufl[icient internal 
slope to allow for efficient 
poking ; these pieces are 
made of such external shape 
as to fit in with the ordinary 
body bricks without excess- 
ive cutting of these to suit. 

It win be noted that no 
corners of less angle than 
90° exist on these specials. 

When manholes or ex- 
plosion doors are to be pro- 
vided for in the body, the 
openings will be arched over, 
and in the case of the man- 
hole lining bricks will be 



Fro. 95. — Details of Crown Bricks for Chapman Producer. 


inserted^om the outside, so that they may be quickly removed when required. 

The gas outlet branch, which is generally taken off directly from the body, may 
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be lined with S'' or 4^^ thick circular firebricks which join into the body bricks, the 
latter being cut to suit. (See fig. 51.) 

The brick crown will also have to be supplied with poke hole blocks to permit 
poking being done from the top in a vertical direction, otherwise, excepting for the 
circumferential seating blocks shown in fig. 93 (e), the crown bricks may be made 
from ordinary “ bullheads,” that is, bricks tapered in two directions. 

In many cases it is usual to make the crown altogether of special blocks (see 
fig. 95, which shows a detail of the crown for a Chapman producer) ; obviously, 
where a crown has to carry directly the whole of a mechanical stirring device, as 
well as take up all stresses caused by the fuel agitation, special care has to be taken 
that, in addition to a sound design, the work is carefully executed. 

The pear-shaped openings in the blocks Bg, B 4 , and Bg are made thus to 
conform to the curve described by a poker from each hole when it has to reach that 
part of the top surface of the fuel bed which has to be poked therefrom. 

Some brick crowns are covered with steel or cast-iron plates ; so long as no 
high gas pressure exists at the top this is not necessary, if a layer of hard burnt 
bricks set in cement or pitch is laid on top of the crown. (See figs. 50 and 51.) Brick 
tops such as tliese should be built slightly higher in the centre (say 1 " higher than 
at the edges), so as to allow for drainage of rain water. 

Quality of Bricks used for lininu Gas Producers 

Ex('ept in the tuyere part of liquid slag producers, where (as mentioned pp. 133- 
148) special bricks arc required, it is very seldom the case that temperatures higher 
than LSOO"" C. are required to be resisted, and for this reason it is clear that from a 
heat-resisting point of view we do not require a very special brick. Even second- 
class firebricks will be satisfactory in many cases. 

A few melting points and refractory coefficients of gas producer bricks used in 
this country are given in Table 64. 

Harvard ^ gives the following melting points for various refractory materials, 
which will serve as a general guide and for comparative purposes : — 

Second-class firebrick (clay) . . . 1400-1650° C. 

First-class firebrick (clay) . . . above 1560° C. 

Alumina (AlgOg) softens at . . . 1970° C. 

SiUca bricks soften at . . . . 1750-1800° C. 

Magnesia bricks soften at . . . 2000 ° C, 

Only the smaller part of the fireclay brick is fresh clay, the remainder being 
crushed and graded “ grog ” generally obtained from previously burnt firebricks. 
The main constituents of the fireclay are, of course, silica and alumina, with which 
are mixed iron, titanium, calcium, magnesium, potassium, and sodium compounds, 
all of which can only be looked upon as undesirable constituents in regard to 
the refractoriness of the finished brick. From pp. 125-126 we have seen how the 
rough rule of Bischof may be applied for judging the approximate refractoriness of 

^ Refractories and Furnaces. 
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Tabi^ts 64 

Bmitish Fireclays : Analyses, Melting Points, and Kefractory Coefficients 


District .... 

Stourbridge. 

Yorkshire. 

Lancs. 

Durham. 

Scotland. 

Analysis of dry clay 










per cent : 










SiOj . . . 

64*3 

66-4 

58-62 

68-30 

57-7 

68-24 

57-72 

61-55 

TiOj . . . 


1-3 

, . 

0-98 

1-89 


1-47 


AI2O3 . 

30-8 

40-4 

38-39 

26-99 

36-9 

27-75 

36-11 

32-63 

Fe203 . 

1-48 

1*02 

1-54 

1-93 

1-42 

1-35 

2-81 

3-57 

MnO . . . 


, , 

. . 

, , 

, , 

. . 



. . 

MgO . . . 

0-89 

, , 

0-11 

0-51 

0-56 

0-72 

0-46 

0-95 

CaO . . . 

0-33 

0*18 

0-42 

0-33 

0-27 

0-16 

0-36 

0-85 

K2O . . . 

2-06 

0*58 

1-02 

0-83 

0-61 

1-73 

1-0 

0-43 

Na20 . - . 


0-60 


0-20 

0-32 

0-03 

0-3 


Refractory test : 








Load 

60 Ibs./sq. In. 

Cone No. 


35 


, , 


. . 

31 

16-17 ■ 

Temperature ° C. . 


1770 


•• 

• • 


1690 

1460-1480 

Refractory coefficient 

1*81 

7*8 

5-2 

1-69 

4-1 

1-72 

2-79 

1-7 


a mixture of compounds of this class. Kegarding firebricks only, it will, however, 
be of additional interest to refer to the softening temperature curve for various clay 
cones made from mixtures of pure alumina and silica. This is given in fig. 96. From 
this it will be clear that the higher the alumina content the more refractory will 



be the cl^y, and that at about 10 per cent alumina and 90 per cent silica content thd 
eutectic mixture of lowest melting point (about 1600° C.) is reached. 
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be lined with S'' or 4^^ thick circular firebricks which join into the body bricks, the 
latter being cut to suit. (See fig. 51.) 

The brick crown will also have to be supplied with poke hole blocks to permit 
poking being done from the top in a vertical direction, otherwise, excepting for the 
circumferential seating blocks shown in fig. 93 (e), the crown bricks may be made 
from ordinary “ bullheads,” that is, bricks tapered in two directions. 

In many cases it is usual to make the crown altogether of special blocks (see 
fig. 95, which shows a detail of the crown for a Chapman producer) ; obviously, 
where a crown has to carry directly the whole of a mechanical stirring device, as 
well as take up all stresses caused by the fuel agitation, special care has to be taken 
that, in addition to a sound design, the work is carefully executed. 

The pear-shaped openings in the blocks Bg, B 4 , and Bg are made thus to 
conform to the curve described by a poker from each hole when it has to reach that 
part of the top surface of the fuel bed which has to be poked therefrom. 

Some brick crowns are covered with steel or cast-iron plates ; so long as no 
high gas pressure exists at the top this is not necessary, if a layer of hard burnt 
bricks set in cement or pitch is laid on top of the crown. (See figs. 50 and 51.) Brick 
tops such as tliese should be built slightly higher in the centre (say 1 " higher than 
at the edges), so as to allow for drainage of rain water. 

Quality of Bricks used for lininu Gas Producers 

Ex('ept in the tuyere part of liquid slag producers, where (as mentioned pp. 133- 
148) special bricks arc required, it is very seldom the case that temperatures higher 
than LSOO"" C. are required to be resisted, and for this reason it is clear that from a 
heat-resisting point of view we do not require a very special brick. Even second- 
class firebricks will be satisfactory in many cases. 

A few melting points and refractory coefficients of gas producer bricks used in 
this country are given in Table 64. 

Harvard ^ gives the following melting points for various refractory materials, 
which will serve as a general guide and for comparative purposes : — 

Second-class firebrick (clay) . . . 1400-1650° C. 

First-class firebrick (clay) . . . above 1560° C. 

Alumina (AlgOg) softens at . . . 1970° C. 

SiUca bricks soften at . . . . 1750-1800° C. 

Magnesia bricks soften at . . . 2000 ° C, 

Only the smaller part of the fireclay brick is fresh clay, the remainder being 
crushed and graded “ grog ” generally obtained from previously burnt firebricks. 
The main constituents of the fireclay are, of course, silica and alumina, with which 
are mixed iron, titanium, calcium, magnesium, potassium, and sodium compounds, 
all of which can only be looked upon as undesirable constituents in regard to 
the refractoriness of the finished brick. From pp. 125-126 we have seen how the 
rough rule of Bischof may be applied for judging the approximate refractoriness of 

^ Refractories and Furnaces. 
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Table 65 


Heat Conductivity Coefficients 


• 

Condu 

Gr. cals, per sec. 
per cub. cm. per 

rc. 

stivity. 

Kg. cals, per 
hour per cub. m, 
per rC, 

Firebrick burnt at 1050° C 

•0037 

1-32 

Same burnt at 1300° C 

•0050 

1-81 

Silica brick burnt at 1050° C 

•0020 

•71 

„ „ » 1300° C 

•0031 

M2 

Firebrick (about 1000° C.) 

•0042 

1-51 

„ (mean 500-1300° C.) 

•0040 

1*45 

,, (mean 0-1300° C.) 

•0031 

1*1 . 

Chequer brick (about 1000° C.) 

•0038 

1-38 

Magnesium carbonate (85 per cent) (20-190° C.) av. 

•00017 

•062 

Asbestos (36 lbs. per cub. ft.), 600° C. . . . 

•00056 

•201 

50° C. . . . 

•00042 

•151 

Silver, 0-100° C 

1 

360 


Design of Casing 

The casing of a gas producer is generally made of steel, although for suction or 
anthracite gas producers of small capacity it is not uncommon to find some makers 
who prefer to supply the casings in cast iron, the main reason being cheaper first 
cost, especially when the producer manufacture is laid down on a mass production 
basis. 

A producer casing is a cylindrical vertical shell made from steel plates either 
riveted or welded together, provided with top and bottom curbs of rolled sections 
to give the shell sufficient stipness, and also to facilitate making the connections to the 
top and bottom end of the shell. If the joints between the plates are riveted, these 
should be caulked so that the casing becomes gas-tight. In some cases the riveted 
steel shells are not caulked, but this is not good practice, since, although brick-linings 
may be gas-tight for a considerable time, the wear and tear in the lower part will 
sooner or later cause fissures in the bricks through which gas may escape. 

-The minimum steel plate thickness of which a riveted joint can be caulked is 

^ but from the point of view of fife of the plant it is inadvisable in good practice 
to use steel plates for the riveted casings of less than Y thick ; indeed, for intensively 
worked ga§, producers the steel plates in the lower parts should not be made less 
than thick. 
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Fig. 97 shows in detail typical designs j soeel casings, A and B being for a 
static producer, while C is for a mechanical grate producer. 

Dealing with type A : here the producer is t j be covered with a f'' thick top 
plate and the top angle curb is made 4" x21‘" xf'', thus enabling a bolted asbestos 
packed joint to be made for the top plate and leaving extra space on the top angle, 
which may be used for the support of the platform plates. The steel shell is made 
of top tier and bottom tier, the latter carrpng at its lower end a 3" x S'' x f'' 
angle curb, which is bolted to the ribbed 1" thick angle-shaped casting, made in 



Fig. 97. — Details of Typical Steel Casinos for Brick-lined Producers. 

sections, which forms a seating for the producer, and also “ seals off,” in the water 
lute, the internal contents from the outside. 

Dealing with type B : here there is no top plate, the producer crown being 
provided with a brick paving. A small angle curb at the top serves as a support 
for the platform plates. The shell is made from two tiers of J" thick plates carrying 
an internal bottom curb, which is riveted to an annular steel base plate (say f" 
thick), to which is again riveted a mild steel lute plate (say f" thick), which is 
provided with a stiffening bead of flat iron. Type B is a cheaper construction than 
type A, but it is quite satisfactory for many purposes. It is likely, however, that 
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after six or eight years* continuous use, the lute plates will corrode through and 
require replacement, which will not be the case in regard to the cast-iron lute plate, 
type A. 

Dealing with type C : here the top cover has been assumed to consist of a 
series of cast-iron plates, for the supporting of which the upper end of the steel 
shell carries a small internal angle curb, while an outside curb is provided to carry 
the platform plates. The shell has two tiers, the ‘top one being Y thick, and the 
bottom I'* thick. The bottom tier is further reinforced by heavy angle curbs ; the 

reason for this heavier design is 



Fig. 98. — ^VERiry Reinforced Concrete Gas 
Producer, 


that the lower part of the steel 
casing being supported from, say, 
four bent columns is a kind of 
circular girder from which the whole 
producer weight is carried. To 
ensure the elimination of buckling 
of the steel plates at the angle m, 
it is advisable to see that ,the 
bricks are brought right up against 
the casing or that the clay behind 
is rammed very hard. The lute 
plate is provided with a cast-iron 
liner to take up the wear caused 
by the crushing of the clinker by 
the mechanical grate. 

The above described casings will 
all be fitted with seatings for man- 
holes, explosion doors, poking holes, 
etc., in such numbers and in such 
places as the particular design of 
producer dictates. 

Most of the larger producer 
casings are riveted up on site, and 
from the point of view of appear- 
ance and of having the least 
possible obstruction for the brick- 
layer, all riveting should be done 


from the inside, flat heads being 
made. There is no need to countersink the rivet holes on the inside. 


The matter of the design of water-jacketed tops or casings is dealt with else- 
where (pp. 245-264) ; suffice it to say here that the plate thicknesses in casings 
near the ash and oxidation zone should not be less than f and the plates should 
have hammer- welded joints. For plates facing the top layers of the fuel bed the 
employmeiit of thinner sections is quite justifiable. 

Before leaving the S:ubject of casing materials and design, reference should be 
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made to figs. 98 and 99 showing 
producers for which the casings 
are made in reinforced concrete. 

Fig. 98 shows Verity’s gas pro- 
ducer, ^ which has been built in 
Italy and* w'hich is designed to 
gasify about 4 tons of theoreticaP.y 
dry lignite per hour ; it has an in- 
ternal diameter of 5 m. (16 ft. 6 in.), 
corresponding to a gasification 
rate of 203 kg./sq. m. and hour 
or 41 Ibs./sq. ft. and hour. 

During the War some rein- 
forced concrete gas producers were 
built in cases where the supply 
of steel for the producer casings 
could not be ananged for. A 
design of mechanical grate pro- 
ducer (by the Power Gas Corpora- 
tion) is shown in fig. 99. 

Dealing with fig. 98, practi- 
cally all parts except those that 
come into contact with the lower 
part of the fire are made from 
reinforced concrete ; even such 
parts as the fuel-charging hopper 
and top plate are made from this 
material, the latter being considered 
a practicable proposition for pro- 
ducers gasifying such a moist fuel 
as the Valdano lignite. By means 
of columns A and circular girder 
F at the top is suspended the 
producer casing B, the lower end 
of which is drawn together to a 
circular beam M, upon which rests 
the firebrick lining L; between 
the latter and the casing B is left 
an annular space G, which is filled 
with porous insulating bricks which 
should be wide enough to enable 



Fig. 99. — ^Powbb Gas Rbinfoeobd Concbetb Gas 

pRODUCBE. 


the temperature stresses between the inside and the outside layers of the reinforced 
concrete casing B to be maintained within such limits as can be resisted by the 


^ TKt Engineer, March 31, 1922. 
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einforcement bars in the concrete. Longitudinal expansion stresses are obviously 
)rovided for by the special method o^ suspension, the temperature stresses 
neiitioned being between cylindrical layers of uneven temperature. 

Dealing with fig. 99, this shows a, design of a reinforced concrete encased gas 
)roducer provided with mechanical grate and feeding hopper in cast iron, while the 
uel storage bunker is made from reinforced concrete. ’\^en steel is obtainable a 
nechanical producer of the size shown is much cheaper to execute in steel and cast 
ton only than in part reinforced concrete. It is shown, however, to indicate what 
n the past has been a commercial possibility. 

In view of the iron and steel prices that are likely to obtain in this country in 
he near future, reinforced concrete producers are unhkely to prove an economical 
►reposition. 


(E) HAND-FED AND HAND-POKED PRODUCERS 

The chief requirements of a fuel-feeding device, whether static or mechanical, 
,re : — 

(1) The fuel should be distributed as evenly as possible. 

(2) Fuel charging should be effected without any gas loss to the outside. 

The evenness of distribution of the fuel over the whole of the fuel bed is, of 
ourse, best achieved with 'a feeding device placed centrally at the top of a gas 
►roducer, circular in shape. Since the rate of gasification may be different in one 
►art of the producer than in another, due to unevenness in fuel bed resistance, it 
j necessary both with static and mechanical feeds to counterbalance such uneven 
•urning by raking fuel across the fuel bed with the poker, or reducing the rate of 
asification. The purpose of all mechanically stirred or poked producers is to over- 
ome the uneven burning by filling the fresh fuel into any voids or openings that 
lay occur in the fuel bed. 

Whether or no such uneven gasification occurs, that static fuel-feeding device 
.^hich does not feed evenly or (with unevenly graded material) feeds larger pieces of 
uel more to one part of the fuel bed than to another, is always likely to cause either 
lower gasification rate or produce gas of a lower quality than could be produced 
nth an efficient fuel feed. 

The capacity of the static fuel-charging device is also a point which requires 
ttention in so far as with larger gas producers more fuel has to be supplied per 
nit of time, and if the quantity charged at one time be small, the more often will 
be operator have to work the feeding device. Except in cases where caking 
oals^are to be gasified, it is customary practice to make the fuel-charging capacity 
orrespond to that amount of fuel which is gasified in twenty to thirty minutes. If 
irge quantities of coking coal are charged in bulk instead of in small quantities at 
time, there is more likelihood of uneven burning. 

It will ^e plain that with a volatile fuel the gas quality will alter during th^ 
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jharging intervals, thus immediately after charging it will generally contain a much 
arger quantity of the distillation gases hvm the fuel than previous to the time of 
jharging ; a variation in practice of 5 to 10 per cent either way from the average 
^as heating value is not unusual in hand-polced and hand-charged gas producers of 
hallow fuel depth. Obviously this remark applies to installations of single unit 
)roducer8, since gas quality fluctuations of this kind are considerably lessened when 
he gas is supplied from a battery of producers. 

In some cases the fuel is not charged directly on top of the fuel bed, but into 
i centrally placed fuel bell or container from which it is allowed to flow or roll by 
gravity along its angle of repose to whatever point of the fuel bed be the lowest, 
[n this way a constant fuel bed depth and shape is maintained. This system, how- 
ever, can only be used with fuels which do not become sticky before entering the 
uel bed, since stickiness will prevent the free rolling of the fuel particles. Such a 
nethod is further limited to fuels of even grading, since unevenly graded fuels will 
3e ‘‘ trimmed ” in rolling down an incline, thus causing the largest fuel pieces to 
:oll farthest away from the fuel bell while the smaller fuel pieces remain in the 
jentre, thus causing the fuel bed resistance to become uneven across the diameter. 
5ince in most cases the fuel bed resistance is less near the brick-lining than at the 
centre, it will be realized that any trimming of the fuel particles from a centrally 
iLiced bell will not have the eflect of equalizing the resistance, but rather increase 
:he unevenness of the same. While the gas quality is more likely to be constant 
ind independent of the charging intervals, when the producer is provided with a 
uel bell, it is not certain that the gasification rate can be made as high as when no 
uel-feeding bell is supplied. 

In the earlier types of gas producers the fuel was shovelled in through an open 
loor in a similar way to what is now customary on a boiler fire. Such types of fuel- 
iharging devices are even used to-day, but only in cases where furnace and producer 
ire built together in one common brick setting, as is customary with many semi- 
^asified furnaces. See, for instance, fig. 38. 

Such fuel-charging devices are not gas-tight, since, when charging, air will be 
iucked in (if worked with chimney draught) or gas escape to the outside (if 
vorked under pressure). 

Fig. 44 shows the way in which Siemens first overcame this difficulty by 
naking a fuel container (hopper) ^ which in addition to the top cover was closed 
vith a flap at the base, thereby allowing coal to be filled into the hopper without 
5scape of gas. After shovelling the coal into the hopper the flat top cover was secured 
n a gas-tight manner, and the flap opened by means of the counterbalanced lever. 
The provision of a flap at the base of a hopper is, however, not a satisfactory means 
or causing an even fuel distribution, for which reason most modern static feeds are 
dosed at the base with a conical valve such as is also customary in blast furnace- 
jharging hoppers. 

Fig. 100 shows a sectional elevation drawing of a coal-charging hopper of about 
\ ton capacity. It consists of the hopper body A of slightly taper shape, having a 
Y 6" internal diameter opening at the base, where it is closed by means of a cast- 
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iron conical valve B ; at the top the hopper is provided with a conical cover C, 
with a 16^ diameter opening closed with ^he fuel inlet slide D. The base of the 
hopper and the external face of the valve are machined so as to enable a gas-tight 
joint to be obtained. The apex of B ig riveted to a wrought-iron tail rod E, which 
through a system of links is connected ijp to the lever F, which in its turn is con- 
nected to the lever H carrying counterbalance weight J. F and H ar^ both fixed 
to the fulcrum shaft G, which rests in bearings in •the hopper body A, the lever F 
being inside the hopper and the lever H outside, available for operation by the 
producer-man. 

The weight J should not only balance the weight of the valve B, but also that 
jpart of the weight of coal that it supports ; since this involves a heavy weight (for 
J ton fuel charge), the balance weight J is carried on two rollers K, so that instead 


/ of having to lift up the heavy weight the man 

S pushes the weight so far towards the hopper 

body that the leverage of the balance weight 
becomes too small for the fuel charge, thus 
causing the internal 
valve to open of 
^ \ .bAob. f its own accord. 

^ Similarly, but in the 

reverse way, the 
valve is 

^ closed again with- 

out causing the 
man to exert too great an effort. 

k- 2 ' — >1 particular hopper shown is one used 

in connection with a gas producer having a 
Fig. 100.~-Statio Fuel-chaegihg Hoppeh. central fuel-feeding bell, hence it is possible 

to make the valve B of ordinary cast iron. 
In such cases where the under side of the valve is exposed to the radiation from 
the top of a hot fuel bed, it is advisable to make the valve of hematite cast 
iron, or better cast steel. Further, to allow for easy renewal, it is advisable to 
substitute the tail rod E, the riveted head of which is exposed to the heat of the 
fire, by a vertical link fixed at the lower end to the valve by means of a pin (see 
fig. 102). 


Detailed views of the top slide for the fuel hopper are shown in fig. 101. The 
slide is revolved round the pin L, the particular advantage claimed for the design 
shown being that the slide carries an extension piece provided with a 16'' diameter 
opening M of conical shape, which gmdes the coal charged from an overhead storage 
hopp^ and also reduces the loss caused by the blowing about of coal dust during 
charging. 


This particular hopper is- unsuitable for producers in which the fuel has to be 
shovelled into the hopper by hand, because it is too tall and the top-charging 
opening too small for shovel feeding. 
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A more suitable hopper for this purpose is shown in fig. 102, which consists 
of a cylindrical body 
B, 2' to 2' 9" high 
(depending upon 
capacity), closed at 
the top by* means of 
a steel top plate A, 
which leaves an open- 
ingof2'6'' to 3' O'' dia- 
meter clear for shovel- 
ling in the coal; the 
principle of operation 
is otherwise as de- 
scribed in reference to 
fig. 100. Attention 
should, however, be 
drawn to the remov- 
able seat C for the 
bopper valve, which 
Bnables quick ex- 
change or repair of 
any parts damaged by the fire, 



Fig. 101. — Detail of Top Slide fob Static Fuel-chaImiinq Hoppeb. 


D is a casting the object of which is to cause the 
fuel to fall into the pro- 
ducer in annular shape, 
the diameter of this ring, 
and of the valve F, being 
altered to correspond to 
the diameter of the pro- 
ducer. For producers of 
large diameter it is often 
difiicult to cause the fuel 
to be charged more to 
the edges than the centre, 
especially with fuels of a 
small grading, in which 
cases a valve of larger 
diameter, say such as is 
indicated at E, may be 
usefully employed. With 
fuels of uneven grading 
it will, of course, be plain 
that the larger particles 
(which bounce more) will be spread farther away from the centre than the sihaller 
particles, in which cases a valve of a large diameter is also an advantage. 



Fio. 102.— Fuel Hoppeb foe Hot Gas Peoduoer 
AND Shovel Feedinq. 
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Another method of deflecting the falling fuel, either towards the centre or the 
edges, is shown in fig. 103, which represents the design used on the Hilger gae 
producers. 

It will be clear that the centre oi the valve on opening will not travel exactly 



Distribution Distribution 

towards Centre. towards Ed^es. 


Fig. 103. — Fuel Hopper fob Hilger Producer. 

along the axis of the producer, depending upon the angle of movement v and the 
length of the lever arm N (fig. 102). In general practice, and where the charging 
levers are carefully made and dimensioned, this will not be found to have any serious 



Fuel Distribution 
to Centre. 


Opdtnarij 

Distribution. 


Fuel Distribution towards 
the Circumference. 


Fig. 104. — Fuel Hopper for Bamao Producer. 


f 

consequence upon the gasification results. Figs. 104 and 105 are examples, showing 
how the movement of the hopper valve may be made to follow strictly the producer 
axis. ^ ^ 

Fig. 104 shows a hopper such as is supplied by the Bamag Company, Germany, 
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?he fuel valve A contains at the top a gij^iding spindle which moves inside a vertical 
ube B, thereby preventing the movement of the valve links from having any effect 
Lpon the position of the valve. By adjusting the amount that the coal valve is 
ipened, the operator has it in his power to ,cau'3e the fuel to be deflected towards 
he centre or edges, as may be required. It will be seen that the under side of the 
'^alve is arranged for lining with firebrick to prevent too rapid burning out. 

The “Vulcan” 

;uiding the valve in 
ire, however, that 
he fuel is shovelled 
Q through a side 
loor A, and that 
he valve is moved 
)y chain and chain- 
vheel segments and 
lot by levers. 

Fig. 106 shows a 
ype of hopper which 
las been used on 
ome of the Kerpely 
iroducers. By hav- 
ug two levers, A 
md B, which can 
)e jointly or inde- 
lendently operated, 
b is possible to in- 
lependently control 
he position of the 
wo valves C and D. 

Three relative posi- 
ions of opening are 
ndicated in the 
igure ; in the first 
position the fuel is 
tiainly charged to 

he edges ; in the second position mainly towards the centre ; and in the third 
position both to the centre and to the edges. 

On some American gas producers it is customary to subdivide the fuel charged 
com the hopper into spouts feeding to various parts of the fuel bed. Fig. 107 shows 
-s an example the four point distributor as used on the Sharp-Basset producer (see 
-Iso fig. 160), a fuel feed hopper of ordinary design being secured by means of the 
tuds at the top of the casting. 

A difierent type of charging device is shown in fig. 108, a design which is tery 
ommonly used on suction producers or on anthracite or coke producers of small 


charging hopper shown in fig. 105 also provides means for 
a vertical straight line path. Its particular points of interest 



Fig. 105 . — Fuel Hopper foe Vulcan Producer. 
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capacitor. It consists of a hollow cast-iron tjipered container or cook A, which is fitt^ 
in a gas-tight manner into a corresponding seat provided in the main hopper body D, 
which is provided with openings Bj at the top (for filling in fuel) and Ej at bottom 
(for d;a(>bfl.Tg iTi g fuel). The valve is provided with an opening B, which is of such a 
size that it is impossible for Bi or B* to be in connection with one another, a point 
which is of great importance on producers in which the top of the fuel b6d is wor e 



Fig. 106. — Fuel Distributor for Kerpbly Producer. 


under suction, since it prevents the occurrence of explosions (due to the sucking in 
of air) which might take place, and indeed have taken place, with double-door hoppers 
such as have been previously described. The cock A can be revolved by means of 
the handle C, while any wear is taken up by tightening the spring F. 

Fig. 109 indicates a similar type of rotary stoking valve used by CroMley Bros., 
which also shows how it is possible by fixing the valve A on a fuel container B, and 
feeding bdlf t, to provide such an ample storage of fresh fuel in the top of the 
i,an,4.oTiiLT<nnD TiAml nnlv take nlace at several hours’ interval, and yet 
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the fuel»bed depth is maintained constant. Obviously the system shown mainly 
applies to small gas producers. D is a poke hole, closed with a plug (of which a 
number are provided all round), while E shows a poker inserted through one of these. 

Fig. 110 represents another ■ I I i. 

system of continuous fuel feed- 
ing during intervals between 
charging, as adopted in the 
Pierson (of Paris) suction pro- 
ducer. Fuel is supplied to the 
hopper B about once a day, 
and by making the bell mouth 
E of proportionally very much 
smaller diameter than in the 
of hg. 109, a larger free 
area is obtained for the producer 
gas leaving the top of the fuel. 

The supply of a fuel from a 
continuous feeding central bell 
mouth has the disadvantage that 
with fuel of uneven grading 
there is a tendency to trim the 
larger j)ieces to the edges. 

Many suggestions have been Producer. 

made to overcome this. Fig. Ill 

shows the Kynoch suction producer, in which the gas is removed from the centre of 
the producer at a considerable distance below the top of the freshly introduced fuel. 

Fig. 112 shows a German design in which the gas is also removed in the centre 

1 I and below the top level of the 

fuel ; the fuel is not supplied 
centrally as in the Kynoch 
producer, but from a hopper at 
the side, for which reason the 
gas offtake pipe is arranged to 
^ be revolved and provided with 
means whereby the fuel bed is 
/r stirred up at the same time. 

The disadvantages attaching 
^ to the use of central gas outlet 

^2 I pipes are that the dust loss is 

Fig. 108.— Rotary Storing Valve. generally high (due to the 

higher gas velocity at the top 
smface of the fuel) ; the fuel bed is not visible to the operator ; in some ca^s 
channelling of the fire towards the centre is caused, and the inner pipe connections 
are liable to burn out. 




IB 



Fio. 108 . — Rotary STOKmo Valve. 
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Another system for economizing in l^e labour used for charging the producer, 
and yet maintaining a constant fuel depth, is shown in' fig. 47. Such a system is 
not exclusively used in the Stein producer described, but has been employed on 
other gas producers having a rectangular cross section and an inclined grate. 

Most of the previously described fuel-feeding devices have been used for coal, 
anthracite, coke, or other hard fuels of comparatively high specific gravity. When 
fuels such as peat blocks (especially light ones), timber, wood twigs and branches. 



Fuel-feeding Bell Fig. 110. — Piebson Suction Gas Pro duceb. 


or other refuse of vegetable origin, have to be gasified, the design of the charging 
device must be such as to take into account the physical properties of the fuel, 
especially its specific gravity and its tendency to “ hang up.” 

So far as the determination of the storage capacity of the charging hopper is 
concerned. Table 66 states the weight in lbs. per cub. ft. or kg. per cub. m. of various 
fudi when stored in bulk form. From this it will be particularly clear that the fue} 
storage capacity of a wood- or vegetable-refuse producer wiU be only one-fifth of that 
of a coal producer of the same diameter and fuel depth ; further, due to the fact that 
the heating value of the vegetable fuel supplied is only one-half to one-third that of 
bituminous coal, the storage capacity is only one-tenth to one-fifteenth. These 
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Table 66 


Weights of various Fuels in Bulk 



Lbs. per cub. ft. 

Kg. per cub. m. 

. ® 

Anthracite 

52-56 

830-900 

Bituminous coal : 



Average nuts 

48 

770 

,, slack 

53 

850 

Euhr coal 

58 

930 

Saar coal 

45 

720 

Coke : 



(From coke-ovens) — Hard 

24-33 

380-530 

(From gasworks) — Soft .... 

23-29 

360-470 

Breeze 

35 

560 

Brown coal : 



\ir dry (lumps) 

40-49 

650-780 

Bohemian brown coal .... 

47 

750 

Peat : 



• Peat dust in sacks . . . . ’ . 

22-27 

350-440 

Briquettes . . * 

39 

620 

Hand-cut peat (sods) .... 

11-25 

180-400 

Wood: 

- 


Oak logs 

26 

420 

Beech logs 

25 

400 

Pitch-pine logs 

20 

320 

Charcoal : 



Soft woods 

10 

160 

Hard ,, 

15’ 

240 

Sawdust 

11 

177 

Straw : 



Loose 

5 

80 

In bales 

20 

320 

Cork : 



Refuse (dust) 

22 

350 


The volume oooupied by a stored fuel depends not only on the specific gravity proper of Uhe 
single fuel particle, but also upon the grading, and whether the fuel is piled loosely or shaken. 
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points should be catefully borne in mind when designing both fuel-charging devices 
and generator bodies for light fuels ; not only should the hoppers be large, but they 
should also allow for quick charging. 

Fig. 113 shows a charging device^which, according to 0. Nagel, is used on wood 
gas producers in Eussia. The hopper A and top cover B show no specific features, 
but the base valve has been made of two flaps C (hinged at the hopper* edges) which 
enable the full opening of the hopper to be available for the passage of the wood 
pieces. Since wood blocks also hang up in such overhead feed hoppers as are 
commonly supplied for coal, no overhead storage bunker is used, but a charging 



carriage run on a telpher track sup- 
plies fuel to the various producers ; 
the base of the charging carriage is 
arranged for opening in a similar way 
to that of the flaps at the base of the 
feed hopper. 

Similar devices to this may be 
successfully employed when charging 



FlO, 112. — PRODUCBK WITH CENTRAL 


Fid. UI.—Kynoch Suction Gas Producer. 


Gas Outlet Pipe. 


producers dealing with peat sods, although the latter material is often broken up in 
a crusher to nut size, thus enabling feeding apparatus similar to those used for 
bituminous coal to be employed. 

Fig. 114 shows the Cambridge log wood producer. By opening the door B 
woipd logs up to 6' length are pushed through the square opening A, the width 
of which is equivalent to the producer diameter and the base of which is inclined, 
thus permitting the logs to be easily pushed into the producer and fall into the 
proper fi^^l bed C. Due to the fact that the producer is of the down-draught type, 
air being admitted at D and E, no great disturbance in operation takes place when 
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the charging door B is opened. Poking holes F and door G enable “ arching ” or 
“ hanging up ” of the logs in passing through the producer to be prevented. 

Fig. 115 shows a sectional elevation of the Wells gas producer, which is designed 
especially to use up or destroy vegetable refuse such as shrubs, branches, twigs, 
leaves, etc. Of particular interest in this design is the large fuel storage hopper A 
(thus allowing for the use of a bulky fuel) through which is passed the fuel agitator 
or feeder B, which is provided with prongs. By moving and turning the feeding 
rod arching of the light fuel is prevented and a continuous fuel supply ensured. A 
special feature of the 
Wells producer is that 
it is built up of small 
cast-iron plates, thus 
facilitating its erection 
in the more inaccess- 
ible part-s of the world, 
where the only fuels 
available are those for 
which this producer has 
been designed. 

The main amount of 
hand poking of the fuel 
bed takes place from 
the producer top. Not 
only is it easier to judge 
the condition of the fuel 
bed by viewing the fire 
from the top, and to 
counterbalance any un- 
evenness in feeding by 
raking the raw fuel to 
just those places where 
it is required, but a far 
better purchase upon 

any clinker grown on — Fuel-charging Device for Wood Producer. 

to the lining can be had 

by the man from the top, since he can put his whole weight behind the poker. 

Hand pokers differ in length and strength, depending upon the purpose for which 
they are used. To poke the top layers of the fuel bed (for caking), or to rake about the 
top fuel, either thin solid iron bars or welded or soUd drawn iron tubes of larger 
diameter with solid ends may be used. To poke away the clinker longer and heavier 
bars are used, the lower end being of steel and having a chisel point ; and whilst 
the top poking bars may have ordinary handles as shown in fig. 109, clinker poking 
bars on large producers generally have a T head, which enables the operator to use 
a sledge hammer when very heavy clinker formation is to be dealt with. 
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Fig. 116 shows the details of a plug 6 ype of poking hole ; a solid cast-iron plug 
with handle and machined plug end fits gas-tight into the plug seat Cg, which is 
shown 2"* diam. An internal cast-iron ring C 4 protects the crown bricks against 
damage by the poker bars. Since the poking bars gradually wear the plug seats out of 

their true shape, these 
should be arranged 
for quick renewal. 

Fig. 117 shows the 
detail of a ball type 
of poking hole, which 
consists of a diam. 
machined cast - iron 
ball (19) which by its 
own weight makes a 
gas - tight seat with 
the machined cast-iron 
seat (18). The b^ll is 
provided with a hole 
right through for the 
poker, which is gener- 
ally made to ^ 
smaller in diameter, 
to reduce the gas 
leakage loss during 
poking. 

When the pokers 
practically fill up the 
poking hole it will 
be clear that the man 
cannot see the effect of 
the poking work which 
he is carrying out. A 
good producer man, 
however, does not need 
to see ; he can fed it 
with the poker. All 
the same, on some gas 
producers it has been 
customary for years to have poking holes of a diameter very much in excess of .that 
of the poker, the effect of this being that not only is there a large leakage loss of 
gas during poking, but also that the escaping gas causes the men to be more averse 
to poking work than they would be otherwise. For this reason poking holes have 
been deiced in which a current either of steam or air is blown across the open 
p olrjTi^ hole into the prclducer, thus preventing gas from escaping to the atmosphere* 



Fig. 114. — Cambbidoe Log Wood Pboducbk. 
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Figs. 118 and 119 show the Pintsch type of air-blown poking hole : a is the 
poke hole plug, h the plug lever, which is provided with a second arm linked to the 
air plug cock c, through which air can be admitted from the low-pressure (ring- 
shaped) air main d, supplied from the producer air blowers. 

When poking is to take place the lever b is pressed down till the 
plug a is lifted clear of its seating ; the lever with plug is now 
swivelled round the centre line of the cock c, which simultaneously 
admits air from d into the annular space e below the poke hole 
seating. It is claimed that the use of air in contradistinction 
to steam does not blur the operator’s vision of 
the fire ; further, that since the pressure in the Char^ln^ Door 
ring air main is adjusted to be only slightly above 
that of the gas pressure, very little air is blown 
into the producer. Be this as it may, with 
producers having a gas outlet temperature above 
500° C. it would appear that the air will auto- 
matically ignite and bum with the gas at the 
base of the poking hole in the brick crown, thus 
causing a thermal loss, the magnitude of which 
wdl depend upon the length of poking and the 
pressure difference between the air and the gas. 

Fig. 120 shows an example of a steam- 
blown poke hole such as is employed on 
the Goetz gas ])roducer. In this case the 
operator adjusts the amount of steam 
admitted to a small ring main (with slits) 
round each poking hole to such a point that gas 
is just prevented from escaping. The blowing in 
of too much steam should be avoided on hot gas 
producers, since, apart from the steam waste 
incurred, it retards the combustion of the gas. 

It is clear that the steam or air pipes being 
placed above the platform 
level, as in figs. 118 to 120, 
may cause inconvenience 
when walking about at the 
top ; this point is taken 
care of in the Wellman 
producer with steam-blown* 
poking holes shown on the 




Gas Outlet 


Alrlnki 




Fig. 116 .— Wells Wood Refuse Pboduoeb. 

photograph reproduced in fig. 121, which also gives a good general idea as to the 
relative position of the fuel storage and charging hoppers. 

Such complications as steam- or air-blown poking holes are best avoided, where 
possible, it being better to make provisions in the producer design whereby either 
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hand poking can be reduced to the least possible amount, or the gas pressure at the 

top of the producer be main- 
1^5 tained automatically (if pos- 

sible) at practically atmo- 
spheric pressure. 


O' 


|< -I'-Octiar 
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Hole — 


y'// \ 

yg Asbestos 



Fig. IIG. — Detail of Plug Poking Hole. 
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(F) PRODUCERS WITH 
MECHANICAL FUEL 
FEEDS 

Such devices are practi- 
cally exclusively used in con- 
nection with producers using 
bituminous coal ; we may 
distinguish between two types 
of mechanical feeds depending 
upon whether the feeding 
arrangement also distributes the coal over the top surface of the fuel or not. .In 
the latter case the coal feed is generally installed in combination with mechanitJal 
means for levelling, stirring, or 
poking the fire. 

Some mechanical feeding de- 
vices are provided with coal- 
crushing arrangements, so that Qdlla.C.I.Balf^ 
too large pieces of coal (in case 
of uneven grading) are broken 
up previous to being fed into the 
producer. Obviously, fuel of even 
grading can be more economi- 
cally gasified ; it is, however, 
doubtful whether the dust pro- 
duced by the crushing of the 
coal does not cause a higher 
gasification loss than would be 
the case if the coal were charged 
without crushing by a static 
feed hopper in the ordinary 
way. 

For reasons explained on p. 

202, even with a mechanical and 
contijpuous supply to the top of 
the fuel bed, hand poking of the 
top layers is required from time to 
time ; consequently, the main saving effected by the installation of such a device 
is the labour required for. charging the fuel. It is generally also possible to obtain 



Asbestos 

Grummet 


G^^zdia.Hokin 
Top Plate 





Fio. 117 .— Detail of Ball Poking Hole. 
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a more constant gas quality and a slightly higher rate of gasification. Since, as 


we shall see later, the agita- 
tion of the upper layers of 
the fuel bed is far more effec- 
tive in regard to producing 
gas of a high and constant 
quality and at a very high 
rate of gasification than 
mechanical feeding 'per se, 
it will often be found a 
better' investment to install 
a mechanical poker or fuel 
leveller, in addition to which 
(as, so to speak, a secondary 
consideration) a mechanical 



coal feed is supplied. 


Fig. 118. — ^Pintscii Air-blown Poke Hole. 


Figs. 122 to 126 show 

various types of mechanical fuel feeds and distributors, which need not be installed 
in connection with a mechanical poker, but which should all be placed concentric 



with the producer. 

The first suc- 
cessful fuel feed 
was designed by the 
Swedish engineer, 
K. W. Bildt, and is 
shown in fig. 122, 
while fig. 123 shows 
a detail of the dis- 
tributor. A fuel- 
charging chute / 
with valve g admits 
coal to the hopper 
/i, through the 
vertical centre line 
of which a revolv- 
able shaft h is 
suspended. This 
shaft carries at its 
upper end a worm 


Fiq. 119. — PiNTSOH Air-blown Poke Hole. wheel through 

which it is caused 


to revolve about 10 to 30 revolutions per hour, depending upon circumstances ; 
the shaft is adjustable in a vertical direction by means of hand wheel m and screw 
thread 1. At the lower end the shaft carries a fuel distributor n of cast steel. 
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The shaft is stayed from an intermediate bearing carried from the hopper 
body h. At the lower end the hopper body is narrowed down to a smaller 



F’la. 120 — Goetz Steam-blown Poke Hole. 

diameter o, from which the fuel is delivered on to the top surface a of the fuel 
distributor (see hg. 123). This top surface is designed so that the fuel falling 



Fig, 121. — Wellman Peoducer with Steam-blown Poke Holes. 

round thedt^rcumference is distributed as near as possible evenly over the whole fuel 
surface. It will be noticed that coal may either be distributed from an outwardly 
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inclined surface h and an inwardly inclmed one hi ; in no position is the incline of 
these surfaces with a horizontal plane the same. 



jV,. 122 .— Bildt Mechanical Fuel Feed. Fig. 123.— Bildt Fuel Distributor. 


Due to the gradual burning out of the distributing discs, designs were developec 
wherein these were water-cooled ; a typical ■ nmarm. 

design of these is the George or Morgan feed 

shown in fig. 124. A stationary coal feed k 

hopper A carries at its lower end a ring C, 

which is luted into a water seal at the top of 

the revolvable coal -feeding drum B, which in 

its turn is luted at its lower end in the water- a -Jm iijWM,".. ** 

cooled producer top plate E. The coal-feed- ~ i 

ing drum B is revolved by means of a pawl T*™™ 

and ratchet, and is suspended from the hopper fB * % 

A by means of a shaft F. At its lower end U ^ ’ a ^ 

it is provided with an inclined water-cooled W • ^ 

spout, which is designed to distribute the coal B T • * » 

evenly over a sector of the fuel bed at a time. 

Fig. 125 shows a photograph of two gas u- 
producers built by Ehrhardt & Sehmer, and 
fitted with the George type fuel feeds. 

As already explained under the de- 
scription of static fuel feeds (p. 205), a 
central cone placed at various heights in 
reference to a fixed surrounding ring will 

enable the coal to be distributed more towards the centre or the edges of tte fu( 
bed, as the case may be, or as the grading of the fuel alters. Several designs ( 
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mechanical fuel feeds based upon this principle have been developed, one of which, 
the Bentley type (made by Appleby & Co., London), is shown in fig, 126. 

The fuel distributor A (adjustable in height) is suspended from a revolvable 
casting B, which rests on a ball race and is luted in the casting C, the' inner surface 
of which serves as a coal deflector. B is revolved by the bevel wheels I) operated 
by ratchet wheel and pawls from a reciprocating crank. At its upper end B carries 
a feed drum having four divisions and provided with a shaft carrying a bevel wheel 
E, which is revolved by rolling over the teeth of a fixed rack. Above the feed drum 
a water seal is provided into which the stationary fuel bunker mouth is luted. It 



Fto. 125. — Photograph of Producers with George Type Feed. 


should be emphasized that any unevenness in fuel distribution caused by a possible 
inaccurate mounting of the cone A is counterbalanced by the fact that it is con> 
tinuously revolved. Arrangements are made so that the cone can be quickly ex- 
changed in case of damage by fire. Further, the coal feed drum can be operated 
by hand in case of any possible breakdown of the driving gear. 

Fi^s. 127 to 130 show some typical designs of coal -feeding devices used in 
connection with mechanically poked producers, in none of which the distribution 
of the fuel over the fuel bed is effected by the feeding device, its only object being the 
saving of labour in coal handling, and the attainment of regularity in the fuel supply 
to the .producer. Practicatty all such fuel feeds are a development of the rotary 
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stoking valve (suck as shown in figs. 108 and 109), and are designed for handling 
coal up to a size not exceeding 4 " cube. 

Fig. 127 shows the Morgan feed, which consists of a two-compartment revolvable 
drum A resting in a cast-iron cradle B, erabracirg less than half its circumference, 
thereby enabling the drum to rise without binding in case any tar collects on it. 
The fuel feed from the bunker is open and easily inspected by the operator. A 
sealing plate C prevents the feed compartments from being filled completely with 
coal, thereby avoiding the resistance (and consequent increase of power) which 



Fja. 126 . — Bentley Mechanical Feed and Fuel Distributor. 


sometimes is set up with coal feeds in which some of the coal pieces are sheared 
during revolution. The coal leaving the feed drum passes through a water-cooled 
discharge pipe E into the producer. 

Fig. 128 shows a photograph of the three-compartment mechanical coal drum 
such as is used on a Chapman gas producer. This drum is made slightly taper, so 
that by displacement in an axial direction wear may be taken up. Spiral ribs are 
provided on the surface of the drum to work out endwise any tar, dust, coal, or soot 
particles that might tend to accumulate between the drum and its casing. 

Fig, 129 shows the five-compartment star feed drum as used on the U.S. Cast 
Iron Pipe and Foundry Company’s gas machines. A is the revolvable drum fixed 
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drimi being revolved in the direction of the 
arrow. The effect of water-cooling the 
seating is claimed to be that tar in any 
.escaping gas will condense and thus prevent 
the feed running “ dry/’ By removal of the 
cover C inspection can be effected* 'from time 
to time. The drum is revolved mechanically 
by ratchet wheel D and manually by insert- 
ing a crowbar in the holes in E. 

Fig. 130 shows cross section of the 
mechanical coal-feeding device fitted by the 
Wellman Company to their Hughes pro- 
ducers. Two such feeds are placed on the 
water-cooled top plate, on the same dia- 
meter but at different distances from the 
centre. 

Each feed consists of two revolving 
elements, a four-vane measuring drum at 
the top and a five-corapartment gas-tight 
coal-feeding drum proper at the base. The 
top drum is revolved in a direction which 
prevents the down-flowing coal from packing 
too tightly in the feeding drum. No grind- 
ing or crushing of the coal is said to occur 
between the upper half of the measuring 
wheel and the coal feed casing, since a good 
clearance is provided. 

A coimterbalanced deflector plate for 
the coal is hung above the feed drum or 
valve, thus avoiding unnecessary shearing of 
coal particles. At the back of the feeding 
valve seat a small stream of water (drip feed) is admitted for the purpose of keeping 
the tar plastic and the valve seat lubricated. 

The subdivision of the feeding drum 
into a multiple of compartments ensures 
that the fuel is fed in smaller quantities, 
and more often than with a single-chamber 
feeding drum. 

The jpower required for driving the 
various mechanical feeding devices varies 
from i to J B.H.P. for most feeding devices 
designed for feedir^ 1 ton of coal per hour 
or thereabout!. 

The speed^oi revolution alters with the capacity of the feeding drum and desired 



Fig, 128 .— Coal Feed Deum for Chapmak 
Gas Producer. * 
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late of gasification of the producer ; between 10 and 30 revolutions per hour are 
common normal speeds. The rate of revolution of a mechanical feed should be 
adjustable down to the finest limit, say 5 to TO p^'r cent of full load feeding capacity. 

A safety device for the drive should be provided to enable automatic discon- 
nection of the feed itself from the driving mechanism, in case foreign materials such 
as, say, pieces of iron or wood should accidentally lodge themselves in the feed. 
Shearing pins on the connecting ‘rod or a “ buffer ’’ spring are commonly employed 
for this purpose. 



Fig. 129. — Coal Feed Drum for Camden Gas Machine. 


(G) PRODUCERS WITH MECHANICAL FUEL LEVELLER 
AND STIRRER 

In spite of the fuel distribution over the whole of the top surface of the fuel 
bed being even and equal, we have seen that, due to unevenness in fuel bed resistance, 
there is always a tendency for either one part or another of the fuel bed to burn 
through at a quicker rate than the average ; such unevenness of burning would be 
equaUzed if fresh fuel were continuously supplied to the various parts of the fuel 
bed at a rate corresponding to their relative gasification. Filling up by hand poking 
is hard manual work, and generally entails a considerable gas loss and inconvenience 
to the men.* 

If hand poking is neglected — and this is sometimes the human tendency-^ the 
state of the producer fuel bed will grow from bad to worse, and holes of excessive 
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temperature will be formed, with consequent excessive clinker growth and bad gas 
quality. 

Even where hand poking of the top layers of a fuel bed is maintained 
within the limits of ordinary human endurance, it will be found that the fuel 
bed temperature is not uniform over the whole top surface ; in other words, 

every square foot of pro- 



ducer area is not utilized 
to the same extent for gas- 
making purposes. 

When a fuel particle 
is introduced into a pro- 
ducer it falls on to the fire, 
and in a static producer 
is generally left to “ look 
after itself ” so far as 
gas -making is concerned. 
With a caking coal tlys 
means that the various 
fuel particles will become 
plastic and agglomerate 
to a more or less i)asty 
layer of uneven resist- 
ance, the consequence 
being that a caking coal 
cannot be gasified at any- 
thing like the same rate 
as coals of less caking 
nature. 

To overcome these diffi- 
culties producers provided 
wdth mechanical poking 
means are installed. 

Stirring, poking, level- 
ling, or agitating of the 
upper parts of the fuel 
bed by mechanical means 
combine the following ad- 


Fio. 130 .-~Coal Feed foe Wellmait Peoducee. vantages : — 


(1) Even gasification rate throughout the whole fuel bed. Consequently 

high throughput. 

(2) Caking fuels can be economically gasified. 

(3) Constancy of g|is quality. 

(4) Labour saving. ‘ 
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Tlie first producers with mechanical •pokers were built about twenty-five years 
ago by Hughes in America and Talbot in England ; the first installations in either 
country being in districts where caking coah had to be used. It may here perhaps 
be in place to mention that by carefully dimensioning the internal parts of a gas 
producer it is possible, when using coals of the less caking variety, with no more 
labour, to obtain just as high gasificatiou rates on entirely static producers, and as 
constant a gas quality, as with c^ompletely mechanical producers, thus eliminating 
the necessity for the expenditure of the extra first cost and upkeep charges involved 
in the adoption of a mechanical gear and apparatus. However, so far as the 
commercial utilization of caking coals in gas producers is concerned it is quite certain 
that the employment of mechanical fuel agitation is an essential factor. 

Speaking generally, the latest developments in the design of mechanically 
stirred producers have taken place in the United States of America, in which country 
such producers are in extensive use. We may subdivide the mechanically stirred 
producers into two groups : — 

(a) Those in which the fuel body is stationary. 

(b) Those in which the fuel body is revolved. 

Obviously, in the latter case larger mechanical forces are to be overcome, since 
in addition to the power required for fuel bed agitation it is also necessary to expend 
power to revolve the producer casing with brick-lining and fuel content. 

Producers of both types have found extensive use in later years, but exclusively 
in works using hot producer gas and requiting large gasification units. In some cases 
also old producers have been adapted to use the stirring devices under class (a), but 
no such arrangement is practicable with producers falling under class (b). 

In the following description regarding the specific features of the various gas 
producer types, gasification test figures, as obtained by the various gas producer 
makers, will be given. In making a comparison of these the reader should bear in 
mind that in many cases the results obtained are as much, perhaps even mainly, due 
to the particular fuel which was available for the test referred to. In particular, fuel 
properties such as free burning quality, or clinkeriiig tendency, are never indicated 
by an ordinary fuel analysis, and yet they will vitally affect the rate of gasification 
and gas quality. A fair comparison between the relative merits of the various 
producers can only be obtained if the respective type were worked side by side 
under the same operating conditions, with the same fuel, and with equally efficient 
labour and supervision. 

Fig. 131 shows a sectional elevation drawing of a Talbot gas producer, built by 
the Power Gas Corporation, Ltd., such as is installed in some of the North-East 
Coast Steelworks using caking coals. The design shown is the outcome of the 
experience gained by Mr. Benjamin Talbot with a large battery of similar producers 
built about twenty years ago for the Cargo Fleet Iron and Steel Company, Middles- 
brough. This producer, which was the first of its kind in England, is typical of the 
producers with a revolving poker and a stationary fuel bed. 

Air and steam blast enters the grate (6) from the pipe (1), the upper end of 

15 
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which carries a water lute (2) for sealing the revolving ash table, which rests on five 



Fig. 131 . — Sectional Elevation of a Talbot Mechanical Gas Producer. 


rollers (3) ; asbis discharged from pan (7) into an ash trough, from which it may be 
emptied from time to time into large bogies or railway trucks. 

. The producer casing is suspended from the platform floor girders by means of 
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cast-iron brackets (10), luted at its lower end into the ash pan, and provided with 
a cone-shaped top plate (11). On this top plate are fixed two symmetrically placed 
mechanical double-chamber coal-feeding diums (25), the gas-outlet branch, and a 
central water-cooled poker bearing (15). Top poking holes (12) and side poking 
holes (9) enable clinker poking to be carried out. 

The revolving poker consists of a hollow forged-steel horizontal tube (13) 
closed at the ends with nickel steel thimbles (5) and securely fixed to a vertical 
hollow steel stem (14), which is rotated about six times per hour by means of an 
overhead driving gear, consisting of worm w^heel (18) and worm (19) agitated from 
an eccentric rod and friction pawls (24). The upper end of the poker stem (14) is 
suspended from a ball-bearing (16) which (and thereby also the poker) is adjustable 
in a vertical direction by means of the hydraulic cylinder (23). The amount of 
vertical adjustability of the poker is 12", thus allowing for a variation in the depth 
of fuel bed in accordance with the fuel quality and gasification rate. To allow 
for this adjustability of 
the poker the upper 
end of the stem has 
been made square in 
section and arranged 
for a sliding fit inside 
the sleeve (17), which 
revolves inside the 
bushing (20), to wdiich 
is bolted the driving 
worm wheel (18). 

To protect the 
poker (13) against 
damage by the fire and 
excessive wear it is Fio. 132. — Detail of Talbot Poker. 

water - cooled, water 

being supplied through pipe (8) and revolving stuffing box (22) to an internal 
■ 1-shaped pipe which delivers the water against the solid poker ends, whence it 
travels back again in the annular space between the pipe and the poker walls, thus 
cooling the latter. The spent water is discharged into an overhead stationary 
trough (26), from which it is removed through pipe (21) to the lower water lute 
*(2), and then run to the works drains. 

A photograph of the poker forgings is shown in fig. 132. When it is borne in 
mind that the external diameter of the nickel steel thimbles is 10'' to 11", an idea 
of what practice demands from an apparatus of this kind will be obtained. The 
joint between the poker and the stem is screwed and provided with back nut and 
metallic washers, out of reach of the fire, the average top level of which is about 
level with the centre line of the poker. The wear of the poker mainly takes place on 
the caps, which require turning round, say, one-quarter thread about every eighteen 
months, complete renewal of this poker being required every five to six years. 
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For a producer gasifying about 1 ton'of caking coal per hour (gaaification rate 
26 lbs. per sq. ft. and hour) the average power consumption of the poker and coal 
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Fio. 133. — ^Talbot Pkoducer installed in Glass-works. 

feeds is about 2 B JI.P., the cooling water consumption about 350 gallons per hour 
while thef steam consumption varies between one-third and two-thirds of a lb. pei 
lb. of coal, depending upon the clinkering character of the ash. 
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Fig. 133 shows a photograph of a sifigle Tal'jot producer installed in a French 
glass-works, using caking coal from the Lens district. 

Below are given some test results of two Talbot gas producer installations : — 


Talbot Producer Tests 



Static Producer 
without Poker. 

Static Producer 
with 

Talbot Poker. 

Two Talbot 
Producers. 

Duration of test .... 

72 hours 

72 hours 

72 hours 

Average gasification rate ton8/24 




hours per producer . 

19-3 

30 

23-4 

Average gas analysis per cent : 




CO, 

10-6 

8-9 

7-4 

CO 

14*3 

21-6 

20-5 



8-1 

14-3 

15-4 

CII4 

4-1 

4-3 

2-6 



62-9 

50-9 

54-1 

Combustible gases . 

26-5 

40-2 

38-5 

B.T.U.’s/ft net at N.T.P. . 

111-5 

156-4 

139-6 

Average fuel analysis : 




Moisture 

I 

^0 

M 

On sample fAsh 
dried at • Volatile 

14-6 

6-3 

33-3 

30-1 

100° C. iFixed carbon 

52-1 

63-0 


Northumberland slack and 

Durham nuts. 


nuts mixed. 




The Chapnan ^ producer, built by Stein & Atkinson, with floating agitator, is 
shown in fig. 134. It is the outcome of over ten years’ experience of various types and 
designs of fuel-bed agitators, developed by the Chapman Engineering Co., Ohio, U.S.A. 

It consists of a vertical poker stem revolved about seven times per hour, which 
carries at its lower end a horizontal tube (so-called “ sheer ”) provided with a series 
of fingers which plough or harrow the top surface of the fuel bed. The poker is of 
course water-cooled. 

The producer is provided with a mechanical drum-type feed (fig. 128), which 
discharges the coal upon a central water-cooled fuel-distributing cone carried from 
the poker stem, and which is mounted on the same cast-iron body that carries the 
poker, with drhdng mechanism and 3 B.H.P. motor. 

The producer shown is of the hand-ashed type, mechanical ashing means with 

^ A recent design of Chapman producer is described in Etiginmingy Nov. 10, 1922, published 
after preparation of the manuscript. 





GAS PRODUCER TYPES 


281 


this producer being only resorted to ’vvith fuels high in ash. With the hand- 
ashed producer ashing is said to be necessary only once per twenty-four hours. To 
enable a constant fuel depth to be maintained between ashing periods the poker is 
arranged so that it may rise gradually as the depth of ash zone increases and drop 



4 
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Fiq. 135 . — Detail of Cil\pman Fuel Aqitatok. 


when the fire bed falls ; in other words, it is maintained floating at a constant depth 
from the toj) level of the fire by the provision of a heavy weight at its u])per end. 

Fig. 135 shows more clearly how the poker is designed to give this effect. The 
upper end of the vertical stem is provided with a special driving head, having twe 
large screw-like spiral flanges, which are in sliding contact with two lugs projecting 
inwardly from the hub of the driving w'^heel. Should the agitator strike an obstruc- 
tion or become covered too deeply by the fresh fuel, thus requiring more power 
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the driving head on the poker stem will automatically “ screw up to a point at 
which the forces are again in balance. The stirring fingers on the sheer bar project 
downward and also forward (in reference to direction of revolution) ; the harrowed 
openings in the fuel bed from the fingers thus being evened up again by the sheer 
bar, which follows after the fingers. The depth from the base of the fingers to the 
top of the fuel bed is generally from 8" to IV, and can be regulated by the adjustment 
of the weights used in the weight box at the top. • 

The horizontal sheer is made from special seamless tubing about in diameter, 
while the stirring fingers are made from high-carbon steel, and can be replaced when 
worn out. Fig. 136 shows the effect of seven months’ continuous wear on a stirring 
finger, and how the shape has now been modified to enable still longer use. 

The cooling-water consumption is about 1 cubic foot per minute. 

The following figures are given by the makers as the result of a sixty-hour 
comparative test made on two 9' internal diameter mechanical grate producers, 
the one being hand-poked, and the other fitted with Chapman agitator. 



Agitated 

Hand-poked 


Producer. 

Producer. “ 

Coals used : Holly Bank, Kingsbury Nuts, 



Earl of Dudley. 



Average analysis : 



Fixed carbon 

Volatile matter 

Ash 

Moisture 

68-94 per cent 
27-34 „ 

13-72 „ 

11-87 „ 

Exactly similar 
fuel was used 
in both pro- 
ducers. 

Total carbon 

67-12 „ 

Calorific value, B.T.U.’s per lb. net . 
Average gas analysis : 

11,880 


CO, 

4-4 per cent 

9*6 per cent 

CO 

26-9 „ 

22-6 „ 

Ha 

14-7 „ 

13-2 „ 

CH, 

2-9 „ 

2-8 „ 

N^, • 

51-1 „ 

51-8 „ 

Calorific value, B.T.U.’s per cub. ft. net . 

162-3 

142-3 

Bate of gasification per hour 

Gasification per sq. foot area of producer 

21 cwts. 

14 cwts. 

lining 

34-2 lbs. 

22-7 lbs. 

Blast temperature ® C 

65-2 

55-2 

Hast pressure 

3" to 5" -w.g. 

3" to 6'’ w.g. 

Carbon in ash 

6-14 per cent 

6-5 per cent 


The heating value of the gas is given only for comparative purposes, both 
producers supplying hot f^w gas for furnace use. 
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Fig. 136. — Diagram of Wear on Chapman Stirring Fingers. 


Heavy full line : alt^r seven months' continuous wear. 

Dotted line : as originally made. 

P)Qt and dash line : as now made. 


It will be seen that the 
agitated producer gives a 50 
percent higher gasification rate 
than the hand-poked producer, 
while the average gas quality 
at the same time was increased 
14 per cent ; obviously the gas 
from the mechanically stirred 
producer would have a more 
constant heating value than 
that from the hand -poked 
producer. 

Both the Talbot and the 
Chapman producers comprise 
a single poker or stirrer, but 
producers with a multiple of 
pokers or stirrers have been 
put to work — for instance, 
producers by A. B. Duff, 
Bentley, and Smith Gas 
Engineering Company. 

Fig. 137 shows A. B. Duff's 
producer (built by Dowson & 
Mason). It consists of a re- 
volvable top plate (a) carrying 
two pokers (b) which are 
mounted in ball sockets and 
forced to make an oscillating 
movement in the top layers of 
the fuel when revolved; the 



Fig. 137.— -A. B. Duff’s Mechanically Poked Producer. 
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Erst of these producers was built about twelve years ago on some by-product 
recovery plants in this country ; it was found that the gasification rates of these 
producers was about 50 per cent higher than similar producers (but without 
stirrers) working in the same battery. 

The Bentley mechanical fuel agitator (built by Appleby & Co.) is .shown in 

fig. 138. The fuel-feeding 
and distributing device 
shown in fig. 126 is used 
in combination with two 
water - cooled agitators 
with stirring fingers. 
The agitators are fitted 
into a bearing ring and 
plate which also carries 
the fuel-feeding device ; 
the whole is rotated on a 
ball-bearing by variable 
speed gear which allows 
for independent adjust- 
ment of the speed of the 
feed as well as the pokers, 
the maximum speed for 
the poker being 6 revolu- 
tions and for the feeding 
drum about 60 revolu- 
tions per hour. 

The pokers are of the 
floating balanced type, 
and as such will adjust 
themselves automatically 
to the varying depths of 
the fuel bed. Due to 
the combination of the 
stirrers with a mechanical 
grate and water-jacket, 
it is claimed that hand- 
poking of the fire can be 
eliminated. 

In table on page 236 are given a series of recent tests carried out on a 9' 6^ 
internal diameter producer such as illustrated, over a long working period, when 
no hand-poking was carried out. The fuel in use was a mixture of Derbyshire 
and Lancashire slack and nuts, while the rate of gasification varied from about 
1100 lbs. pe? hour minimum to 3000 lbs. per hour maximum. 

The Smith mechanically poked producer, built by the Smith Engineering Co., 



Fig. 138 .— Bentley’s Mechanically Stikhed Piu)DUcer. 
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Fia. 139. — Smith Gas Producer with Mechanical Pokers. 

Ohio, U.S.A., is shown in fig. 139. The top or head of the producer is water-cooled 
and suspended from a large roller-bearing mounted in the steel framework 
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CO* 

CO 

CH* 

H, 

— 1 

N. 

Total 

Combustible 

Gases. 

Blast 
Saturation 
Temperature ° C. 

5*0 

24*3 

3*77 

14*47 

52*46 

42*54 

58 

3*6 

26*4 

4*17 

13*07 

52*76 

43*64 

61 

4*0 

27*4 

3*65 

13*26 

51*69 . 

44*31 

54 

3*1 

28*3 

4*14 

14*48 

49*98 

46*92 

57 

3*6 

28*8 

3*15 

14*42 

50*03 

46*37 

58 

3*0 

29*2 

3*16 

14*14 

50*50 

46*50 

59 

3*8 

26*2 

4*2 

15*19 

50*61 

45*59 

58 

4*8 

26*4 

3*69 

12*65 

52*46 

42*74 

55*5 

3*4 

27*4 

4*14 

14*72 

50*34 

46*26 

57 

5*0 

25*0 

4*2 

14*00 

51*80 

43*20 

56 

5*4 

25*4 

3*68 

14*68 

51*24 

43*76 

57 

4*0 

26*0 

3*71 

13*37 

52*92 

43*08 

56 

3*2 

28*6 

4*16 

13*32 

50*72 

46*08 

57 

3*6 

28*0 

4*10 

13*68 

50*62 

45*78 

58 


which rises from the foundation. Sway rollers are mounted on the periphery 
of the head to prevent swaying of the head, but not to take any of the weight. 
Power for rotating the head is derived from a steam cylinder mounted thereon. 
The engine is provided with a dash-pot through which oil is circulated, and so 
arranged that the speed can be easily controlled. On the larger ])roducers two 
pokers are mounted, one upon a turret which works over the entire fuel bed, 
while the other, being stationary, is working vertically around the producer wall. 
The poker mechanism consists of a cylinder approximately 5' long, the piston 
rod extending out through the lower end of the cylinder and serving as a 
poker. The operation of these pokers is so interlocked with the turning engine 
that the head cannot be rotated while the poker is hi the fire, which would 
result in bending a poker. The pokers operate alternately under ordinary circum- 
stances, or the operator can cut out either one of the pokers so that it becomes 
inoperative. 

The turning engine rotates the head through a pawl-and-ratchet device, the 
sequence of working being as follows : At the forward stroke of the turning engine 
the pawl engages the ratchet on the top of the stationary producer shell and rotates 
the head. During the return stroke of the engine steam is admitted to one of the 
poker cylinders so that the poker descends into the fire and is withdrawn during 
the return stroke of the engine. The engine then makes another forward stroke, 
moving the head around to a new position, and during its return stroke the second 
poker operates. The engine cannot make its forward stroke until the poker has 
returned to its former stationaiy position. 

The coal: is fed down from the bunker through a large roller-bearing and a 
pipe leading to the hopper oh top of the coal feed. This feed consists of three principal 
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members— a hopper mounted upon a" stationary plate, and a base riveted to th 
producer head which carries the weight of the entire coal feed. Between the bas< 
and the top hopper casting is a cylindrical member with several ports, which ii 
rotated by a pawl-and-ratchet device connected with the turning engine. It wil 
have been noted from the above that the head is rotated during the forward stroki 
of the turning engine. On the return stroke another pawl engages the coal feec 
and turns the port member. These ports are so arranged that air cannot get accesi 
to the top of the producer, which is worked under suction. Coal falls from the por 
upon the distributing plate and is raked of! this distributing plate by a specia 
shaped finger which distributes the coal uniformly over the fuel bed. 

Tar is sprayed over the surface of the fuel bed by means of a steam jet. Thii 
spraying device is also placed on the producer head. Steam for the mechanism an< 
the tar spray comes down through the centre of the main supporting bearing, am 
the pipe lines are fitted with universal joints to permit the head to turn. 

The makers supply three different sizes of producers of 9', 14', and 16' externa 
diameter, the grate areas of each producer being 44, 100, and 157 square feet respect 
ively. Depending upon the quality of coal the rate of gasification may be betweei 
20 and 35 lbs. per sq. ft. and hour, or, given a suitable coal, the largest producer wil 
gasify 5500 lbs. (about 2| tons) of coal per hour, which load is said to be subjeci 
t(^ over 20 per cent overload rating for two-hour periods. 

From a plant operating at the Ford Motor Company’s works, Detroit, using coaL 
of a varying quality (the average load per producer in a battery of five producer! 
being from 3500 to 4000 lbs. per hour); the makers communicate the figures giver 
in the table below as representing daily operating results taken on this plan 1 
during April 1922, when the tar condensed out from the gas was returned t( 
the producer and sprayed on to the fire. 


Date. 

Coal Analysis. 

Gas Analysis. 

Per cent 
Vol. 

Per cent 
Ash. 

B.T.U. 
per lb. 

CO, 

CO 

H, 

CH4 

Net B.T.U. 
per cub. ft. 
N.T.P. 

April 7 

35-32 

11-54 

12,897 

2-5 

29-1 

11-6 

4.4 

175-2 

„ 11 

36-34 

9-67 

12,682 

3-6 

27-9 

12-3 

4-3 

172-1 

„ 18 

36-12 

5-09 

14,350 

3-5 

28-3 

11-0 

4-0 

166-9 

„ 19 

37-2 

5-05 

13,844 






„ 20 

35-68 

10-02 

13,199 

3-5 

27-2 

11-7 

3-7 

163-3 

„ 21 




2-8 

28-7 

11-1 

4-1 

169-5 


Figs. 140-142 illustrate a producer with the Hughes type of mechanical 
poker (built by Wellman -Smith -Owen Company). The first Hughes producer 
was built in 897, the present design being the outcome of the experience obtained 
since then, when dealing with American fuels ; it is typical of the producers 
with revolving fuel bed. 
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(with the fuel) and the grate are revolved, the poker C being forced to make 
an oscillating movement in the upper part of the revolving fuel bed. 

The producer body is provided at its lowef end with a cast-iron ring D, which 
partly serves to seal the body in the cast-iron ash pan, and partly to support the 
former froxn the latter by means of a three-arm hollow cast-steel spider E, which 
also serves to conduct part of the air blast to the circumference of the producer. 



Fio. 141. — Detail of Poker of Wellman (Hughes) Mechanical Producer. 

A central blast nozzle is also provided, the producer thus being of the duplex blast 
type. The ash pan F, in its turn, is provided with a track running on six conical 
carrying rollers G resting on the foundation, and with a spur gear H, by means of 
which it is revolved by the driving mechanism I. To discharge the ashes from the 
producer a *strtionary ash shovel K is provided ; this shovel has the shape of a 
plough blade, and is fixed to a pivot in such a way that it can be either pushed into 
the ash pan to remove the ashes or swung right out of the lute. 
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The top of the producer is water-cooled*, made from cast steel ribbed and flanged 
to provide seatings for gas outlet pipe L, mechanical feed M, poker C, and a series 
of hand-poking holes ; it is carried from the floor girders, and an external ledge 
seals it in an upper water lute fixed to the revolving casing. 

The water-cooled poker, shown in detail in fig. 141, is suspended from trunnions 
in the top cover, and made to swing from centre to edge of fuel bed nearly in a vertical 
plane by means of a crank and crank-shaft operated from the driving mechanism I. 
Due to the simultaneous revolution^ of the body the path of the poker in the fuel 
bed will be a series of loops such as is shown in fig. 142, the result being that the 
fuel bed is continually broken up and not given the opportunity of caking together. 

The tip of the poker causes agitation even in the decomposition zones, and 

is therefore subject to hard wear and 
requires replacement about once per 
annum ; if a spare poker is at hand, the 
replacement can be effected without 
serious interruption of the work. 

A producer of about 10 ' internal 
diameter is stated to gasify about 3000 
lbs. of bituminous gas coal per hour 
containing* about 6 per cent of ash, 1 
per cent moisture, and 35 per cent 
volatile matter (38*2 lbs. per sq. ft. and 
hour). The power consumption is from 
2 to 3 B.H.P. ; the water consumption 
about 1200 (U.S.) gallons per hour. 

Using a bituminous coal from 
the Pittsburgh district, the average 
gas analysis from a 7-battery producer 
plant was : — 

CH 4 2*95 

Ha 10-59 

Na 55-55 

Net B.T.U. per cub. ft. (N.T.P.) 158-8 

while the carbon content in the ashes varied from 11 to 9-76 per cent. 

Figs. 143-145 illustrate the Morgan “ Gas Machine ” (built by the International 
Construction Company). The principle upon which this producer is designed is that 
the ^as-making should be carried out with the least disturbance of the fuel b^d 
either manually or mechanically. 

There can be no doubt that this principle of gas-making is a good one, but 
whether it can be applied to the gasification of fuels of all qualities ife a different 
matter, as obviously every fuel will conduct itself differently in the producer, 
depending upon its particular caking or clinkering tendencies. All the same, the 



Fig 142 .— Diageam of Poker Path. 


CO, . . 

4-07 

Illuminants 

-72 

0 ^ .. . . 

•22 

CO. 

. 25-9 
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results obtained by this gas producer bear out the fact that certain coals are best 
left to “ look after themselves ” if a producer gas of good quahty is to be obtained. 

Although the producer body and ash pan are revolved while the water-cooled 
bop remains stationary (similar to the Hughes producer), the top of the fuel bed is 



Fig. 143. — Morgan Gas Machine. 


aot agitated ; further, ash removal is arranged to take place at one and the same 
time all round? the fuel bed. 

The fuel, which is charged by the water-cooled double- chamber drum feed 
shown in fig. 127, is levelled during the revolution of the body by a water-cooled 

16 
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U-shaped floating bar, which is fixed in trunnions on the top plate, and provided 
with a weight of adjustable leverage to enable the pressure of the leveller on the top 
of the fire to be controlled. The levelling bar extends from the centre of the pro- 
ducer to the wall on one side, thus constantly scraping the surface of the fuel and 
filling up any holes, without unduly turning over the fuel. Fig. 144 sh/)ws a view 

of how the fuel leveller may be 



removed for repairs and re- 
placed by a spare one, a pro- 
cess which is said to last only 
twenty minutes. 

The producer body rests 
on a three-armed spider carried 
from the ash pan, which also 
serves to distribute part of 
the blast to the fire before it 
passes to the circumferential 
air distributor ; a small quan- 
tity of blast is also admitted 
through a central hood. Fig. 
145 shows this spider type 
support clearly and also the 
ash -removing device, which 
consists of a spiral-shaped bar 
ending in an ash discharge 
plough. Normally the ash- 
removing device revolves with 
the gas producer and ash pan ; 
when it is desired to remove 
ashes the plough (with spiral 
displacer) is stopped and 
maintained stationary dur- 
ing one complete revolution, 
when it is again automatically 
released to revolve with the 


gas producer. The levers 


used for this purpose are 
Fig. 144 .— Removal of Fuel Levellek from Morgan clearly shown on the left in 
Gas Machine. « 

, fig. 143. 

, A producer of this type 10' internal diameter can gasify 3000 lbs. of coal per 
hour (38‘2 lbs. per sq. ft. and hour), and noteworthy is the low-power consump- 
tion claimed of f B.H.P., when it is borne in mind that the number of 
revolutions per .hour of the producer generally varies between 5 and 7. 

In thi table on following page is given the averages of five consecutive weeks’ 
gas. analyses taken on a battery of these producers when the average gasification rate 
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was 2700 lbs. of coal per hour (34-4 lbs. per sq. ft. and hour) and the steam con- 
sumption measured at J lb. per lb. of coal. 


Volume per cent : 

1 

2 

3 

4 

5 

COa 

3*5 

3*6 

3*3 

3*3 

3*7 

CA 

•7 

•8 

*8 

*8 

*9 

CO 

29-8 

28*7 

29*2 

29*2 

28*7 

H, 

11-6 

12*1 

12*2 

11*9 

12*0 

CH4 

2-7 

2*6 

2*6 ^ 

2*7 

2*7 

Total combustibles per cent . 

44-8 

44*2 

44*8 

44*6 

44*3 

Net B.T.U. per cub. ft. N.T.P. . 

172*3 

170*6 

172*6 

172*7 

172*9 


Figs. 140-149 illustrate the R. D. Wood “ Heavy Duty ” gas producer (supplied 
by various firms in U.S.A.). It consists of a stationary ash pan (in concrete), a 
revolving body, and a stationary top carrying two water-cooled revolving pokers, 
mounted at dift'erent radial positions. 



Fig. 145. — Ash Pan with Grate Body Supports for Morgan Gas Machine. 

Referring to fig. 146 and fig. 147, which show sectional elevation and plan view 
of this producer, is the bracket carrying the mechanical drive, as well as roller 
Ag for supporting the revolving body ; four additional but smaller supporting roller 
brackets are jprovided. The revolving body contains a water lute B at the top and 
a casting C at the base, which seals it into the concrete water and ash lute. 

The grate D is of the flat stepped type, while the ashes are removed by a series of 
ploughs and scrapers E, and pushed into an ash pocket arranged in the foundations. 
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The stationary top is provided with a mechanical coal feed F (see fig. 129), gas 
outlet G, four sight and poking holes H, and two mechanical pokers 1. All the 
mechanical parts are operated from the main drive at A^, through counter shaft K 
and chain drive to main top shaft L, revolving at about 7 to 8 R.P.M. 

Each of the mechanical pokers (see detail in fig. 148) is made iv6m a solid 



steel forging, bored out to 3^'^ internal diameter and provided with an internal f'' 
diameter pipe for water-cooling ; its lower end is closed with a cap and curved 
from the centre line of the, upper end, which is mounted on two bearings bolted 
to a main girder casting M extending right across the producer top! By means 
of a worm"^ drive the pokers are revolved around the axis of their upper end at a 
rate of about one revolution in 4J minutes, the lower end, due to its curved 
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shape, causing a stirring and breaking up of the fuel bed, into which it is inserted 
about 18''. The body is revolved at about two revolutions per hour, the two 
pokers thus stirring practically the whole of the upper part of the fuel bed. The 



Fig. 147. — R. D. Wood’s Mechanically Poked Gas Producer, Plan View. 


two pokers a’re made exactly alike, and the time for replacement when worn out 
is said to be thirty minutes. 

The producer having an internal diameter of 10' 6" requires about to 
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4 B.H.P. for driving, and is rated by makers at about 33 lbs. of coal per sq. ft. 
and hour, the maximum rate of gasification achieved during overload periods 
being 44 lbs. per sq. ft. and hour. 

Fig. 149 shows a photograph of a producer such as is manufactured by the 
United States Cast Iron Pipe and Foundry Company ; 
except for a few alterations in details, it is similar in 
design to the Wood producer described. 

Summary 

Before leaving the subject of the means adoj)ted for 
treating the fuel in the upper part of the producer, it 
may be of advantage to summarize certain conclusions 
applicable to general practice that may be drawn from 
the above. 

(1) Except for fuels of very low specific “bulk” 
gravity, hand -fed and hand-poked producers will -Jbe 
satisfactory for small or single units of gas producers. 

(2) For producers using fuels containing, say, over 
20 per cent volatile matter (ash and moisture free basis) 
where constancy in gas quality is essential, continuous 
fuel feeding either by means of a fuel storage bell or 
mechanical means should be employed. 

(3) Where large quantities of fuel have to be 
gasified with a minimum amount of labour, mechanical 

Fia. 148.-1)istail of Pokeb stirring, or levelling devices are advantage- 

OF R. D. Wood’s Me- ously employed, so long as the fuel is not such that 
Pkod^ucer^ Poked Gas results might be obtained from the same fuels in 

properly dimensioned static producers. 

(4) Caking coals should always b,e mechanically stirred if more than 15 to 
20 tons are to be gasified per twenty-four hours. 

(//) PRODUCERS ADAPTED FOR WATER HEATING AND 
STEAM RAISING 

Although in this chapter we shall mainly concern ourselves with the water- 
cooling systems or steam-raising devices which form part of the gas producer proper, 
we shall also deal with all other methods for supplying the endothermal agent 
(generally steam), except by a boiler heated by the products of combustion of 
producer gas or any other fuel, whether solid, liquid, or gaseous. 

e Gas Producers with Water Jackets 

•Wjjh the main obj^t of preventing excessive clinker formation when using a 




GAS PRODUCER TYPES 247 

small quantity of steam with the air blast, it is customary on many producers to 
substitute the brick-lining in the lower part with a water-jacketed portion. 

Such a procedure is certainly effective from the point of view of minimizing the 
hand-poking labour involved when dealing with a cUnkering fuel, but no incon- 
siderable amount of heat is lost to the water used for chilling the sides of the fiml 
bed. From the operating results given below it will be seen that the loss may be 



Fio. 14 ».— Phoiookaph op United States Cast Ieoh Pipe and Foundry Company’s 
Heavy Duty Gas Producer. 

nearly 10 per cent of the heat in the fuel gasified, although in good practice it a 
likely to be less. All the same the gas quality will always be affected by a chilhnj 

of the combustion zones. , , 

One of the earUest forms of water-jacketed producers is that of &tson shorn 
in fig. 65, Wiile the most commonly used water- jacketed design is that used b; 
Von Kerpely (tig. 66) with his first mechanical grate producer. Another type o 
water- jacketed producer is the Pierson shown in fig. 110. 
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In its essential parts the water jacket of a mechanical grate producer is a 3" to 
5" wide annular space between an inner steel (casing about thick, and an outer 
casing say f" thick ; the former casing is in direct contact with the fire, and to the 
latter are fixed angle curbs for carrying the producer, and a suitable number of hand 
holes for cleaning out from time to time any scale or mud which may be deposited 
from the water. The depth of a water- jacketed part of a producer may vary from 
2' S'" to 6', but about 3' depth should be ample with most fuels. 

The water is generally supplied at the base and removed at the top of the 
water jacket, thus eliminating any possibilities of air or steam locks at the top. ' 
The temperature range of heating the water depends upon its degree of purity, 
a maximum temperature of 40° to 50° C. being generally permissible with 
unpurified water, and up to 80° C. being usual with water of boiler-feed quality. 

The quantity of water to be used for chilling the internal surface depends 
upon (a) the area of such surface, {h) the permissible teii.oerature range for 
the water available, and (c) the nature of the fuel used. Apj 't from this that 
part of the surface which surrounds the incandescent zone \ ill require nore 
water for cooling than the remaining surface in contact with cooler zones. 

For a temperature range of 70° C. the approximate figures given below for 
water quantity used per unit of area and time may be taken to represent 
usual practice. 



Gallons of Water per hour 
per sq. ft. of Heating 
Surface. 

C^jhic Metres (tons) of Water 
per hour per sq. m. of 
Heating Surface. 

Coke nuts 

10 

About -5 

Bituminous fuel .... 

8 

„ -4 

Lignite or brown coal . 

4 

-2 


A water- jacketed producer having a cooling surface of 130 sq. ft., using 
gas works coke at the rate of 16 cwts. per hour, required per hour 11 gallons 
of water per sq. ft. The heating value of the fuel was 11,000 B.T.U. per lb. 
and the water range was 70° C., consequently the thermal loss due to heat 
removed in the jacket water was — 


130x110x70x9x100 

16x112x11,000x5 


= 9-15 per cent of the heat in the fuel gasified. 


Various proposals have been made with a view to recovering this thermal loss 
and the expense of supplying the water, such as making use of the hot water fpr 
heating purposes or as boiler feed. Another suggestion which has immediate bearing 
on gas producer operation is to circulate the hot water between the jacket and an 
enclosed cooling tower, in which the air used for the gas producer is ‘passed in a 
counter-current direction to the hot water. In this way the water is cooled suitably 
for use ^ain in the jacket, while the air is heated up and becomes saturated with 
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steam, thus in many cases eliminating the necessity of supplying steam from any 
other source for use in the gas producer. This system of air saturation is similar to 
that employed on the Mond process (p. 280). The extra first capital outlay required 
by the installation of an air-blast saturating tower and pumps for a battery of water- 
jacketed pi:oduc(*r8 is only of minor consideration when the elimination of a separately 
fired boiler installation and its consequent working costs are borne in mind. To enable 
air-blast temperatures such as aire usually employed (above 50° C.) to be used, the 
water cannot be cooled to atmospheric temperature by the gas producer air blast, 
consequently it is necessary to circulate the cooling water at a higher rate correspond- 
ing to a temperature range of 10° to 20° C. between, say, temperatures of 60° and 
80° C, The employment of such higher average temperatures in the water jacket 
will prevent the chilling of the air blast on the inside of the lower part of the jacket, 
which is sometimes accepted as the cause of the corrosion difficulties. 

Corrosion of water jackets has taken place in many installations, such corrosion 
being by no means always caused by the same factor. In one case within the author’s 
experience the difficulties were due to the corrosive action of the cooling water and 
in another to careless supervision, in so fa.r as the water supply to the jacket was 
unreliable. During periods when the water supply was interrupted the water in the 
jacket was allowed to completely evaporate and the plates became overheated and 
bulged. 

When installing water- jacketed producers it is advisable to — 

(1) See if hot water cannot be utilized. 

(2) See if water available is corrosive or to what temperature it may be heated 

without depositing salts. 

(3) Clean water jackets regularly, just as a boiler would be treated. 

(4) Ensure a rehable water supply or a spare supply, which may instantly be 

put into action should the main source of supply fail. 

Many suggestions have been made to enable the heat in the jacket water to be 
more efficiently utilized by converting the jacket and even the whole producer into 
a boiler. Such an arrangement involves of course the emj)loynient of designs suitable 
for resisting high pressures and the observance of special regulations attached to the 
employment of boilers in works practice. 

CbMuiNED Gas Producer and Boiler 

In 1911 the Vienna Gas Works put into operation a battery of mechanical grate 
producers (Kerpely type grate) of which the water jacket was eliminated and the 
producers were arranged to serve as boilers as well. The design adopted is shown 
in fig. 150, of which type these gas works now use twenty-eight in all. Fig. 150 
also gives a good idea as to the general arrangement of the piping valves, etc., round 
the producers and in the producer house.^ 

A is the coke hopper charged from overhead coke bogies ; B, the mechanical 

^ K. Marischka, Journ.f. Gaabel^ April 13, 1912. 
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grate ; C and D, two annular boilers mainly serving as water and steam drums 
respectively and connected together with a series of vertical water tubes F, expanded 
into the end plates of the drums C and D. Surrounding the greatest part of the 



Fig. 160 .— General Arrangement of Battery of Marischka Producers. 


outer casing of the drums is a brick-lined steel shell G, which at its lower end carries 
the gas outlet branch H. A series of hand holes and cleaning doors are provided 
on G to enitble the removal of coke dust from the annular gas chamber. 

Steam is raised by direct contact with the hot fuel in the lower part of the 
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producer and by absorbing as much as possible of the sensible heat from the hot 
gases in their passage from 
the fuel bed through the nest 
of tubes F to the gas outlet 
H. The producers are 2 
m. (6' 7") internal diameter 
and provided with a heat- 
ing siirface of 55 m.^ (590 
sq. ft.). 

A more recent type of 
Marischka producer is shown 
in fig. 151, the main differ- 
ence being that the heating 
tubes have been made longer 
and the top and bottom 
drums have been made into 
water and steam drums such 
as are usual in water tube 
boiler practice. By the pro- 
vision of an internal brick 
ring lining a deep fuel 
depth is provided for, while 
the heating surface i)er foot 
depth is increased by the 
use of small tubes instead of 
a cylindrical shell. 

In September 1921 a 
report upon the working 
of the Vienna producers 
was given in Gafi und 
W asserfach, from which 
the following information is 

obtained : yiq. 151. — Recent Design of Marischka Producer. 



Average Operating Results prom January 1912 
TO December 1920 


Average gasification rate of one producer . 
Maximum „ „ „ „ 

Coke analysis : 

Moisture ...... 

Ash content ..... 

Coke residue ..... 


-15' 12 tons of raw coke per 
24 hours (40 Ibs./sq. ft.). 
=27*16 tons of raw coke per 
24 hours (72 Ibs./sq. ft. 

16 per cent. 

14-56 „ * 

69-44 „ 
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Coke grading : 

If' to 1" nuts . . . . 

1'.. r 

r.. r • . . . 

Average dust content in crude gas 

>, „ washed gas . 

Average number of producers at work 
Number of men operating per shift 
Steam raised 


Steam pressure ..... 
Steam evaporated per sq. m. surface at 80 lbs. 

„ „ per sq. ft. surface at 80 lbs. 

Temperature of gas leaving producer . 


Over-all Gas Producer Efficiency 

Over-all gas producer efficiency, including surplus 
steam supplied to other parts of works 


48 per cent. 

47-8 „ 

4*2 „ 

= 3*67 grams per cub. m. 

-01 

= 11 (out of 14). 

=5 

= 1-2 kg. per kg. of coke as 
charged. 

= 80 lbs. per sq. in. 

= 13*8 kg. per hoiir. 

=2*8 lbs. per hour. 

= 180" C. 

= 79 per cent (to cold gas). 

= 87 per cent. 


It will be noted that coke of a large grading was used, and bearing in mind tlje 
low gas outlet temperature as well, it seems surprising that the dust carried away 
by the gas was so high. It is stated, however, that the best coke grading found for 
continuous operation was — 

0 to 5 mm. ... 6 per cent. 

5 to 9 „ . . . 2*5 ,. 

9toll „ . . . 15*5 

11 to 25 „ . . 70 

25 to 40 „ . . . 6 „ 

while if more than 10 per cent passed through a 5 mm. screen the gas producers did 
not work as economically. 

The producers are said to consume about J lb. of steam per lb. of coke, the 
remaining steam being used partly for driving the auxiliary machines on the plant 
and partly elsewhere in the gas works! Any steam not used on the plant itself 
should therefore be counted as a credit in the thermal balance, so that the thermal 
ejfficiency in this case is stated to become 87 per cent instead of 79 per cent. 

Each gas producer is stopped every four months for the purpose of boiler scale 
cleaning, which maintains two men at work for six days in spite of purified feed 
water being used. Doubtless this systematic and regular cleaning of the boiler sides 
from the scale is partly the cause of the negligible amount of repairs involved. 

During the ten-year period none of the boiler plates have had to be renewed, 
nor is any corrosion visible, while cover plates only have been replaced at the grate 
level to allow for the wear caused by clinker crushing. Except for re-expanding 
a few of the boiler tubes no repairs of these have been found necessary. The claim 
is made that this absence of wear is due to the fact that the steam in the air blast 
cannot con(ktise against the casing in the lower part (near the grate), such as is the 
case with some producers with water jackets. 
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Quite apart from the excellent grading of coke available for gasification, the 
operating results obtained are without a doubt excellent, but producers designed as 
high-pressure boilers must be expensive in first cost, especially as the boiler heating 
surface installed does not evaporate as large a quantity of steam per unit of area 
as in the case of direct-fired boilers. Whether in the future many works will there- 
fore instal high-pressure boiler producers remains to be seen. 

Eig. 152 shows the Ko'pperS-Kerj)ely producer, which has recently been intro- 
duced into the U.S.A. by the Koppers Company. Its particular feature regarding 



Fig. 162 .— Koppers-Kkrpely Gas Producer with Waste Heat Recovery. 


steam-raising means is the combination of a high-pressure and low-pressure boiler, 
the former being used in cases where the gas is to be cooled before use, while the 
latter is worked in conjunction with the water jacket, thus avoiding the high steam 
pressures used in the Marischka producer, and yet maintaining the water-jacket 
temperature above the condensing temperature of the air blast. 

The water jacket is connected with a small overhead steam drum. A thermo- 
syphon circulation is maintained, the heated water rising and passing up to the 
drum through the upper outlet piping and the cooler return water, along with added 
make-up water, returning through the inlet piping placed near the bottom of *the 
jacket. The return water to the jacket is about 105° C., while the outlet to the 
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boiler is 107° C. or more. Steam at the low freMure of about 5 lbs. pressure is 
genei*ated in the drum and is mixed with the air blast to the grate. 

The high-pressure waste heat boiler system consists of an arrangement somewhat 
similar to that now used extensively on w'ater-gas plants. It embodies a vertical 
tubular boiler having a dust settling space' at the bottom and a blow-off valve at 
the top ; the tubes are maintained in contact with water, and a separate steam drum 
with top and bottom connections to the boiler is sifpplied. It is said that the coke 
producer gas is cooled in this boiler from 700° C. to 250° C. 

The employment of a tubular boiler such as the one shown (also the Marischka 
type) for abstracting the sensible heat from producer gas is entirely confined to use 
in connection with the gasification of non-volatile fuels, such as coke or anthracite. 
Whenever similar designs have been used in the past for gas from bituminous fuels 
serious difficulties have arisen, due to continuous tube blockages by tar, soot, and 
dirt. 

Gas Producers with Vaporizers 

A very large number of various designs of self steam-raising devices are in use 
in connection with producers using anthracite or coke as a fuel. Such devices are 
especially used for smaller units of gas producers in which the extra capital outlay 
and working costs involved by the use of a separately fired boiler become excessive. 

All of these vaporizers are designed to utilize the sensible heat of the hot gases 
leaving the top of the fuel bed, and to work under the same pressure conditions as 
the air current being supplied to the gas producer. Since their general application 
has been in connection with smaller units using non-volatile fuels, they are generally 
used in the so-called “ Suction ” producers, although the fact that the air current 
generally has a pressure slightly below atmospheric has no practical effect upon the 
raising of the steam. 

Since the heat remoVed from the gas producer fuel is “ sensible heat,” otherwise 
lost when cooling the gas, this heat abstraction will have no effect upon the gas 
quality, such as is often the case wifh water- jacketed producers, or where the 
circumference of the fuel bed proper is chilled. 

Fig. 153 shows the suction gas plant built by the Dowson & Mason Gas Plant 
Co. At the upper part of the producer is placed an annular tank or vaporizer A, 
which is supplied with water from a drip feed at B. The steam raised in A is 
conducted to the grate by means of the pipe C, where it is mixed with air entering 
through the pipe D. The hot gases leaving the fuel are forced to sweep round both 
sides of the vaporizer tank A, where they are deprived of most of their sensible 
heat content, before they escape from the producer through pipe E, whence they 
are Iqd to the scrubbing plant. 

When starting the producer to work the cock at the base of the vent pipe F 
is opened and air blown into, the grate by hand blower G to the incandescent fuel 
bed ; the gas thus made is allowed to escape at the vent pipe until of good quality. 
Assuming a Wsonably good fiie in the producer from the previous day, about twenty 
to thirty ^minutes are required to put the fuel bed into good condition, if anthracite 
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fuel is used. If the fire is not too “ green ” on the top and the water in the vaporizer 
has not been allowed to cool down during the previous night, some steam will be 
ready for gas-making at the same time as the gas is ready for the engine. 

It will be clear that the amount of steam that can be evaporated in such a 
vaporizer will depend upon the volume and temperature of the hot gases leaving 
the fuel surface, the exposed heating surface of the vaporizer, and the amount of 
water added to the same. ' 

When starting up such a producer, the gases leaving at the top of the fuel bed 
will be colder than when the producer has been at work for some time ; furthermore, 
the temperature at the top 
of the fuel bed (and con- 
sequently the hot gas) will 
not alter as quickly as the 
load factors may change. 

Let us assume that the 
producer is worked at full 
load and the load is sud- 
denly reduced to half ; 
the consequence will be 
that less air is sucked in 
at I) while the steam 
quantity given off from 
the vaporizer will not 
decrease correspondingly , 
since the heat stored in 
the vaporizer water corre- 
sponds to a higher load 
and because the hot gas 
will be in contact with 
the heating surface of the 
vaporizer for a longer 
time. The time -contact 
factor between the steam 
and the fuel bed being 
extended, due to the lower load factor, will cause the introduced steam to be 
more completely decomposed. The effect of all the various factors will be that 
the hydrogen content of the gas will increase at the moment the load is decreased, 
although it will gradually decrease to its previous amount as the fuel bed conditions 
alter. 

This alteration of the gas quality in response to load fluctuations is not only 
inherent to the self-vaporizing types of gas producers but to all plants in which 
the air and 'steam supplies are independently regulated. Various means for main- 
taining an air or steam mixture of uniform composition, whatever may be the load, 
form the subject of some of the vaporizer designs to be described in the following. 



Fig. 163. — Dowson & Mason Sklf-vaporizino Suction 
Gas Plant. 


256 MODERN GAS PRODUCERS 


Fig. 154 shows the Power-Gas Corporation’s self- vaporizing producer. A is 
the annular tank type vaporizer containing gas outlet branch, but heated only 
from the inside, the outside of the vaporizer being protected against excessive 
heat loss by insulating material. By this design dust deposits from the gas will 
be conveyed directly into the scrubbing plant. The air required for th« producer 
may be supplied either partly through each or wholly through one of the two openings 
B or D. Air admitted from B will sweep over the* surface of the boiling water and 
thus carry away the steam with it before it leaves through the branch C, to which 
, may be added further air 



at D, the two air currents 
mixing with one another 
in the downcomer pipe H. 
To enable the vaporizer 
heating surf^ice to be main- 
tained under visible control 
a gauge glass F is fitted, 
while water is admitted 
through a cock at G. By 
adjustment of the position 
of a baffle plate at E it is 
possible to regulate the re- 
lative quantities of air ad- 
mitted at B and D. E can 
be set so that at high loads 
some air is sucked over the 
top of the water, while at 
low loads the steam is gener- 
ated under a slight pressure, 
so that that part of the 
generated steam which is 
not admitted to the pipe H 
may escape at B. Whether 
the relative volumes of air 
and steam are maintained 


constant may be indicated by placing a thermometer K in the downcomer pipe H. 

Fig. 155 shows a German design of vaporizer which, practically speaking, is 
the* reverse construction of the Dowson & Mason type in fig. 153, in so far as what 


is gas space in the one is water space in the other and vice versa. 

The vaporizer A consists of four concentric shells, through the central annular 
space of which the hot gases are passed before leaving at B. The air, entering at 
C, is passed over the top surface of the boiling water before being admitted to the 
grate. D is a water-supply funnel and E the gauge glass. It will be 'noticed that 
with this design of vaporizer it is difficult to poke the fuel bed properly from the 
top, and further that the various joints are not easy of access for repairs and inspection# 
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Fig. 156 shows a photograph of the top of a large mechanical grate producer 
such as is built by J . Pintsch, Berlin. The figure gives a good idea as to the details 
of the design of a large top vaporizer, while it 
should be noted that to facilitate poking steel 
castings connect up (in a water-tight manner) the 
top and bottom plates of the vaporizer. 

Fig. 157 shows the National Gas Engine 
Company’s self - vaporizing producer. In this 
design there is no tank or boiler having a 
water capacity such as was the case with those 
previously described ; the upper part of the 
producer casing and the gas downcomer pipe are 
surrounded with jackets in the space between 
which the air and steam current is passed. 

The water is supplied through a funnel B 
into a small trough ( from which it is allowed to 
overflow down a series of ril)s provided on the 
upper part of the producer casing. The liot 
gases being in contact with the other side of 
this j)late causes a rapid evaporation of the 
water as it flows over the ribs. To pre-heat 
the water before supplying it to the vaporizer, the water supply pipe is provided 
with a “ tail end ” extended through the centre of the gas downcomer E. 



Fig. 155.— Gkkman Type of Vaporizer. 



Fig. 166.— Top Vaporizer of Mechanical Grate Producer (Pintsch). 

Air enters at A in the lower part of the downcomer jacket, and passes round a 
jeries of ribs provided externally on the downcomer pipe E, thus causing the air 
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to be pre-heated previous to its admittance to the vaporizer chamber at the producer 
top. In this chamber the air and steam are intimately mixed before admittance 
to the fire grate through the pipe F. ‘ 

Fig. 158 shows an American t 3 rpe of seK- vaporizing producer supplied by the 
^ Amsler Company, Pittsburgh, U.S.A. The design is typical of producers 
/ \ in which the heat for steam raising is ijot only absorbed from the hot 
W gases, but also from the hot zone of the fuel bed. 

A is a water-cooled bosh, B a vaporizer coil pipe placed in the direct 
: path of the hot gas, C an air pre-heating jacket, and D an air and steam 

mixing chamber. 

§ ! ^ Water heated up in A is con- 

I /j veyed by pipe E through a special 

^ water-feed controlling device (see 

^ ' fig. 159) to the pipe F which supplies 

the vaporizing coil B ; this coil 
^ (which is made from solid drawn 

thick tubing) not only carries '^the 
hot water to be vaporized but a 
certain quantity of air, which is 
admitted at G and passed through 
with the water to be vaporized. 
Any water not vaporized in the 
coil may overflow from the syphon 
f type lute H. 

The main quantity of air is 
admitted through a flap at I, and 
})assed through the pre-heating jacket 
C into the mixing chamber D, in 
/m which.it meets the air and steam 

, CRATE vaporizing coil B. It is 

I ^ p v y n stated that the vaporizer and pre- 

I heater will cool the gas from about 

_ I I 660° C. to 390° C., which means 

that over 40 per cent of the sensible 
I heat contained in the hot gases is 

Fio. 157.— National Gas Engine Company's Self- to the producer. 

vAPOBiziNo Gas Pboducer. Fig. 159 shows the manner in 

which this firm claims to have 
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Fio. 157.— National Gas Engine Company's Sblf- 
vapobizino Gas Pboducer. 


overcome the question of irregular gas quality caused by sudden load fluctuations. 
The principle of the device is to regulate automatically the quantity of water 
supplied to the vaporizer by the difference in pressure loss in the gas plant consequent 
upon load fluctuations. The hot upward-flowing water from the bosh is admitted 
to the vaporizer through a series of U ” pipes M and N. Between these two pipes 
are fitted an adjusting valve of the needle type and a connection to the scrubber. 
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The left-hand side of the “ U pipe M 
being in connection with an atmospheric 
vent will cause a constant pressure to be 
maintained here, while the overflow branch 
from M being in connection with the 
scrubber will be of a pressure lower than 
the atmospheric (due to the suction of the 
engine or fan), the difference in pressure 
being proportional to the square of the 
load. By setting the needle valve at a 
certain predetermined point it will be clear 
that, although water may be constantly 
supplied to the bosh, a larger or smaller 
quantity of this will flow through the 
needle valve to the coil, while the re- 
mainder will be run to waste. With a 
fuel bed in proper work- 
ing order an arrange- ^ 

ment such as the one 
des(ribed may work ^ 

satisfactorily, but the ^ 

needle valve will re- ... 

quire adjustment from ilO ^ 

time to time, dependent M- >■ ^ 

upon the state of the I . , i r 
fuel bed and the outlet 
temperature of the gas 
corresponding thereto. ^ ^ 

Fig. 160 shows the ^ 
Sharp-Basset self-vapor- o 

izing producer built by ^ ^ 

the Milwaukee Boiler ^ il* 

Works, U.S.A., which is 
typical of producers in ^ 

which some of the heat ^ 


1 Producer Bosh I 


Water Supply 


bhwOff 




Connecthr 
to Scrubbe 


Fig. 168. — Amslee Self-vaporizing 
Gas Producer. 


Fig. 169. — Water Flow Regulator for Amsler Producer. 


required for steam-raising pur- 
poses is obtained by absorbing 
heat otherwise lost by radiation 
from the producer casing. 

The producer is provided with 
a central gas offtake, the lower 
level of which may be below 
the top surface of the fuel (see 
p. 209). This gas offtake pipe is 
water- jacketed, as is also the top 
plate. The water required for 
steam raising is allowed to over- 
flow into a box from which the 
relative quantity to be added to 
the air blast, or run to waste, 
may be adjusted by a cock. 

The vaporizer is a 3^ 
annular space which is ob- 
tained by surrounding the 
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producer casing proper by another steel shell. The air foi the producer, which 
enters at B, passes in an upward direction, and guided by angle baffles is forced to 

, sweep all round the producer 



casing ; on meeting the hot 
water discharged from the 
V-shaped trough the air be- 
comes saturated with moisture 
at a temperature depending 
upon th(' relative quantities 
of air and hot water, as well as 
the temperature of the latter. 

Fig. 161 shows a self 
steam-raising gas producer 
such as is su])plied hy the 
Syracuse Company of New 
York, IT.S.A. It consists of 
an annular top vaporizer in 
combination with a vaporiz- 
ing toj> plate and a walei- 
cooled grate bosh. 

The air enters at A, jiassos 
over tlie surface of the water 
at the tf)p, becomes saturated 
with steam from the top (as 
well as from the annular tank 
type vaporizer B), and is 
conducted to the grate in the 
narrow annular space C, in 
which it becomes slightly pre- 
heated. Before entering the 
grate it sweeps over the top of 
the vaporizing tray or water- 
cooled grate bosh D. The 
latter is especially serviceable 
at starting-up periods, since if 
the water in the top vapor- 
izers has been allowed to cool 
dovm, steam can be raised 
much quicker in the bosh D, 


Fig. 160. — Sharp-Basset Self-vaporizing Producer. proximity to the 


incandescent zone. 


This, firm supplies with their producers the automatic water-supply regulator 
shown in fig. 162. The regulator has three pipe connections. Pipe B supplies the 
water ^(and pipe A carries away any excess not admitted to the producer by the 
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regulator). Pipe C is connected to 
the gas inlet pipe to the engine 
(suction type), while pipe D is the 
water supply to the producer. Pipe 
C thus enables the pressure inside 
the regulator to vary in accordance 
with the load on the engine. 

When the engine is idle the 
water stands at M, but when the 
engine is drawing gas it rises, due 
to the consequent diminution of 
pressure in the regulator, to some 
point 0. The vertical water supply 
pipe being slotted from M upwards, 
the water admitted from the pipe 
will vary in accordance with the 
head in the stand pipe, and con- 
sequently in accordance with the 
loa(i on the engine. 

Fig. 1 63 shows a section through 
the Westinghouse gas producer, 
which serves as an example of 
how raising of the producer steam 
takes place in a double zone gas 
producer. A is the vaporizer 
which is placed at the junction of 
the two zones ; it is partly heated 
by direct contact with the fuel and 
partly by the hot gas leaving the 
producer through the outlet pipes 
B. Steam is generated and added 
in independently adjustable (|uan- 
tities to the air entering the top 
and bottom of the gas producer. 

Fig. 1 64 shows a section through 
the Crossley suction gas plant, the 
vaporizing means of which will 
serve as typical of those producers 
in which the steam is raised in 
vessels entirely separated from 
the gas producer proper. In such 





Fig. 161. — Syracuse Self-vaporizing Producer. 


an apparatils the heat contained 

in the steam is entirely absorbed from the sensible heat contained in the hot crude 


producer gas. 
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A is the gas producer, B the tubular vaporizer (shown in fig. 165), and E the 
automatic water-feeding device. 

The vaporizing tubes are of the gilled type suspended from a top plate, to 
which the water to be evaporated is fed through funnel and tube X. Each gilled 
tube J is arranged so that the water will flow through every one in series, with the 
exception of the last one, M, which is the vapour pipe proper, and which forms the 




Fio. 162. — Syracuse Water 
Supply Regulator. 


Fig. 163. — Westinqhouse Double Zone 
Producer. 


communication between the steam space N of the vaporizer and the steam dis- 
tribution pipe 0 to the gas producer. 

In other independent vaporizer designs the arrangement is similar to that 
of a smoke tube boiler with vertical tubes. 

The heating surface to be provided for in self -vaporizing producers, to enable 
the nece&ary quantity of steam to be supplied at all loads, varies with the fuel 
used ^d the gas outlet temperature. The steam quantity to be used may Vary 
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from ^ to 1 lb. per lb. of dry fuel, depending upon its clinkering tendency, the quality 
of gas it is required to supply, and the load factor of the plant. 

When using good fuels low in volatile matter content, say anthracite or coke 
the designer will be well advised to base the heating surface on a maximum evapora- 
tion of 1. lb. of steam per lb. of fuel. For vaporizer surfaces, directly heated hy 
the gas, this having an outlet temperature of about 650° to 700° C., it is safe tc 
assume about *2 to *3 sq. ft. of .heating surface per lb. of steam to be raised. 



Fig. 164 — Crossley SFXF-vAroRiziNo Suction Fig 165. — Crossley Vaporizer 

Gas Plant. for Suction Gas Plant. 


Since the total heat per lb. of water heated from 60° F. and converted into steam 
at 212° F. is 1120 B.T.U., the heat in this steam represents 8 per cent of the heat 
contained per lb. of anthracite, having a net heating value of 14,000 B.T.U. per lb. 
With a gas yield of 80 cub. ft. (N.T.P.) per lb. of anthracite (5 cub. m. per kg.) the 
hot gas would have to be cooled from 700° C. to about 350° C. to raise this steam, 
i.e. a 50 per cent evaporation efficiency, which is a good figure considering the com- 
paratively low temperatures in question. 

All vaporizers should be provided with blow-ofi cocks and be accessible for 
cleaning for scale or other impurities or sediments originating from the water ; 
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while the water supply in any case should be as soft or as pure as can be obtained 
at a reasonable cost. 

Air Saturators 

By such wc understand vessels in which the air current to be supplied to the 

producer is w^ashed by hot water of such a 
temperature, and for such a length of time, as 
will enable the air to become saturated by 
water vapour at the desired temperature. 

We may distinguish between air saturators 
using water (a) heated up by cooling the hot 
crude producer gas by direct washing, or (b) from 
any other source, say waste heat from furnaces, 
engine jacket water, water from exliaust boilers, 
etc. A third alternative (c) arises when it 
becomes possible to utilize the moisture in wet 
fuels to saturate the air blast. 

In case (a) the water is generally dirty from 
impurities, such as tar, soot, and dust originating 
from the hot crude gas, for which reason the 
design of the air saturator should be such that 
cleaning can be easily carried out from time to 
time, or that the vessel is of the self-cleaning 
type. 

Air saturators for using hot gas cooling 
water have been used for forty years or so 
on by-product producer gas plants (see pp. 280 
and 405). The most modern design of washer 
used on these plants is the Lymn type of com- 
bined air saturator* and gas cooler shown in 

fig. ree. 

The detailed design of the internal parts of 
this washer is described in reference to fig. 279. 
The vessel shown in fig. 166 consists of two 
such washers superimposed upon one another. 
In the one, A, the hot gas is cooled, and in the 
other, B, the cold air is heated up and saturated 
with moisture, before being passed on to the 
gas producers. In the design shown the gas 
cooler is tbc upper one, although this arrange- - 
ment is by no means always essential. 

The water leaves at the bottom of the air saturator B in a cooled state, through 
a pipe luted, in a steel tank C (or concrete water lute), wherefrom by means of pump 
D it is conveyed to the top of the gas cooler A ; in passing down over the series of 



Fig. ,166. — Lymn Type Air Saturator 
AND Gas Cooler. 
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cones and discs it is split up by the gas current flowing in the opposite direction ; 
before leaving the gas compartment the water will have been heated up to a 
temperature approaching that of the entering gas (if this be at its saturation tem- 
perature). Having thus been heated up, the water passes through an internal water 
seal E into the air saturator B, in passing down the series of cones and discs of 
which it is re-cooled to a temperature corresponding to the amount of water vapour 
evaporated from it. Any tar and dirt washed out from the gas will be deposited 
in the tank C and not inside the washer, due to the particular shape of the internal 
baflles. It will be clear that the heat losses from a combined apparatus such as 
this are very much less than if two independent washing towers and water-circulating 
systems were used, quite apart from the fact that the latter arrangement will require 
more power, supervision, and first capital outlay. 

The downcoming water sheet scours away from the cones and discs any deposits 
from the gas. The rate at which the water passes through the internal water lute E 
is so great that no dirt particles arc given the opportunity of settling out. The 
internal water lute shown has been designed for a plant in which the air blast has 
a higher pressure than that of the gas. Although this pressure difference between 
the two gases will fluctuate with the load factor, the water level in the luted internal 
supply pipe will rise and fall automatically without having practically any influence 
upon the rate of water flowing through the lute. 

A heat cycle such as that existing in a combined air saturator and gas cooler 
is of a simple kind, the water quantity flowing per unit of time serving as the heat- 
carrying agent. Care should be taken,* however, that a sufficiently large quantity 
of water is being maintained in circulation. A circulation rate corresponding to a 
temperature range for the water of 15° C. is quite a satisfactory figure when raising 
in such an air saturator between f and 1 kg. of steam per kg. of coal gasified. 

On this basis the water to be circulated per kg. of coal gasified when raising 
0-8 kg. of steam can be arrived at as follows : — 


Assume water evaj)orated at 70° C. and niake up water 
supplied at 15° (J., then heat per kg. of steam . 

Or per 0-8 kg. of steam 

Assume further 2 5 cub. m. of air arc to be supplied per kg. 
of coal gasified, the air being heated from 15° (.. to 
70° C., then the heat required 


.-=627 -15 -612 cals. 

- 490 cals. 


=2-5 X 55 x0-295- 40 cals. 


Total 

With a temperature range for the water of 15° C : 

530 

Wafer in circulation ~ hg./kg. of coal gasified, 
or 3J galls, per lb. of coal gasified. 


530 cals. 


Before deciding whether an air saturator of tliis type should be installed it is 
also necessary to satisfy oneself that the gas (1) contains more heat than that it is 
desired to recover in the air saturator, and (2) has a temperature (when saturfCted) 
5° to 10° C. higher than that of the saturated air leaving. 
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Even under very fluctuating load conditions it will be found that the saturation 
temperature of the air blast (and hence the gas composition) does not vary con- 
siderably, which is due to the fact that the heat is stored in the hot water at a 
reasonably low temperature, and the fact that the air cannot become saturated with 
_ _ steam at a higher temperature than that of 



the water. 

Air saturators making use of the heat 
contained in hot water have already been 
referred to in connection with the utiliza- 
tion of the hot waste water,, from water- 
jacketed gas producers (p. 248), but obviously 
hot water from any other source may be 
utilized. As an example of air saturators, or 
va]:)orizers of this type, two systems used 
by the Smith Gas Engineering Co., Ohio, 
U.S.A., will be described. 

Fig. 167 shows a “ flash ” boiler vaporizer 
heated by the exhaust gases from the gas 
engine. Water is dehvered to the centre of 
the cylindrical water regulator A, which is 
accurately balanced on knife edges and free 
to rotate on its axis. In the short curved 
pipe B leading to the centre of the heater 
(through which passes all the air supplied to 
the producer) is suspended a disc, nearly 


filling the opening, and connected by a lever to the regulator. The air entering 


the pipe exerts pressure on the disc, varying according to the amount passing, 


and tends to change the -position of the disc in the pipe. The disc, through the 



Fig. 168. — Smith Type Exhaust Gas Boiler. 


lever, tilts the water regulator to a greater or less degree, allowing more or leas 
water to enter the boiler. The water on entering the boiler is immediately 
vaporized ^d taken up by the air on its way to the producer. 

On larger gas producers (above 76 B.H.P.) this firm uses two apparatus to 
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accomplisli the same object, viz., a water heater, fig. 168, heated by the gas engine 
exhaust gases, and an air saturating vessel, fig. 169, attached to the gas producer. 

The water heater has the shape of a multitubular boiler in which the water for 
air saturation is heated up to the required temperature before being admitted through 
pipe L tb the air saturator B. 

This vessel, which is cylindrical in shape, contains an internal vertical division 
plate M, whereby it is separated into two compartments of unequal size, the largei 



one, being filled with coke or pebbles, is the air saturator proper, while the smalh 
one forms a down-take duct for the saturated air to the gas producer. 

At the upper end of the division plate is fixed a water-distributing device ( 
which is controlled by a thermostat to admit a certain amount of hot water froi 
the exhaust heater into the air-saturating compartment. 

The thermostat is controlled by the temperature of the saturated air current 
any alteration in the saturation temperature of the air, due, say, to load fluctuation 
will have a quick effect upon the thermostat, which automatically causes more < 
the hot water to be admitted to or cut off from the air-saturating compartment i 
the case may be, thus enabling the saturation temperature to be constantly mail 
tained. 
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Although the method described overcomes in a satisfactory way the matter of 
maintaining a constant air blast temperature, some engineers would be anxious lest 
corrosion should be set up in the water heater, due to a possible condensation of the 
sulphurous components of the products of combustion. Furthermore, all the heat 
in the water will probably not be abstracted in the saturator, so that in addition 
to the amount of hot water run to waste for regulating purposes, there will be an 
additional thermal loss in the spent air-saturation water. 

It might perhaps, therefore, in some cases be preferable to generate steam under 
pressure in an exhaust boiler (about 2 to 3 lbs. per brake-horse-power hour are 
regularly obtained in this way), which steam may be used for many other works 
purposes. The gas producer can obtain its steam supply from its own waste heat 
(if any), or from jtart of the live steam generated in the exhaust boiler, or steam 
exhausted from plant worked by live steam from the exhaust gas boiler. In either 
case, whether live or exhaust steam is used for mixing with the air blast, the amount 
added can be automatically controlled by a thermostat device similar to that used 
in the Smith plant, except that it will control a steam valve instead of a water valve. 

Before leaving the subject proper of self steam-raising producer plants, a few 
generalizations applying to plants yielding cold gas may be drawn : — 

(1) Whenever the producer gas, as it leaves the top layers of the fuel, contains 

a large amount of heat, whether sensible (due to high temperature) or 
latent (due to high moisture content), self steam-raising devices will be 
found to save at least 5 to 10 per cent of the over-all fuel consumption. 

(2) For fuels having a low content of volatile matter, say coke or anthracite, 

the vaporizers may be of most varying shapes and heated directly by the 
hot gases, and in certain cases also by contact with the hot fuel. 

(3) When the heat in the crude producer gas is due to a high moisture content, 

and when the fuel in use contains tar, soot, or dirt, the raising of the 
steam is best done in the indireM way by cooling the gas with water and 
washing the air for the producer with the water thus made hot. 

In plants where the fuel, such as, say, peat, brown coal, etc., is dried somewhat 
previous to its introduction into the producer, it may be found of advantage to 
utilize the air for the producer as the drying medium. 

One such case is described in reference to fig. 298, from which it will be seen 
that the air blast, after being heated up to a reasonably high temperature, is passed 
through the crude fuel, whereby its (the air blast) sensible heat is converted into 
latent heat in the shape of absorbed moisture. 

Another method of raising steam for the gas producer plant is to pass the air 
through an air heater (say in furnace flues), and then spray water into the hot air 
or wash the hot air with water in an air-saturating apparatus. Such a method is 
really the reverse way of the air-saturation methods described above, in so far as 
the air is hotter than the water when the two are brought into contact. 
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Air Blast Saturation Temperature 


When wet live or exhaust steam and air are mixed together, the air will be 
heated up to that temperature at which the two components are in equilibrium with 
one another, the so-called “ dew point,” or saturation temperature. 

If such a mixture is allowed to be cooled some of the steam will be condensed 
out, until the heat abstracted by cooling has been supplied by the heat in the steam 
condensed, the mixture attaining such a lower temperature as enables the air to be 
saturated (in equilibrium) with the steam or water vapour. 

If on the other hand a saturated air and steam mixture is heated to a higher 
temperature, without adding steam, the mixture will behave in a physical respect 
as a mixture of permanent gases ; such a condition exists when the blast is “ super- 
heated.” 

To a given relative proportion of air and steam in a mixture there will corre- 
spond only one definite saturation temperature or dew point, viz. the temperature 
which corresponds to the particular vapour tension of saturated steam. 

For example, at 45"" C. the absolute pressure of saturated steam is 71*4 mm. 
mercury, or 0-()94 atm. (about 1*4 lbs. per sq. in.). Consequently in a saturated 
air (or any other gas) and steam mixture, at normal })ressurc (700 mm. mercury), 
and at 45"" C., the i)artial pressure of the steam = 71-4 mm. Hg, while the partial 
j)ressure of the air =-688-0 mm. ITg. Total =700 mm. Hg. 

Since the weight of 1 cub.m. of steam at 45"^ C. equals 05 grammes, this quantity 
of steam will be contained in 1 cub. m. of air and steam mixture at 45' C. 

The (piantity of steam required per cub. m. of air at N.T.P. (0° C. and 700 mm. 
Hg), the figure which the gas producer engineer requires, may be calculated from the 
above as follows : — 


_ 700 

65 X - 
088-0 


X 


273 + 45 

— -83-5 grammes. 
273 ^ 


A very useful table covering data regarding saturated mixtures of gases with 
steam was published by Mr. H. A. Humphrey in 1901.^ The same is reproduced 
in Table 67. It will be found a most handy reference, and as the slight corrections 
that have since been made in the specific weights of steam under low pressure are 
of no practical im])ortance the table is reproduced in its original state. 

The common basis for all figures is I cub. m. of dry gas (or air) at a temperature 
of 0° C. and an absolute pressure of 760 mm. mercury (N.T.P.). 

Fig. 170 shows a series of curves embodying the results given in Table 67. 
Here the temperature of the mixture is plotted as ordinate, while the weight of 
water vap(>ur per cub. m. dry gas and the total volume of the mixture are plotted 
as abscissae. To show the effect of varying pressures (such as may exist in practice) 
upon the cteam quantity in the saturated mixture, two extra curves have been 
drawn, one* for 820 mm. pressure and one for 700 mm. pressure. 

' H. A. Humphrey, “ Power Gas and Large Gas Engines for Central Stations,” Proc. InU Mech 
Eng., 1900. 



270 


MODERN GAS PRODUCERS 


Table 67. 


Gases Saturated 

AND AT 


WITH Water Vapour at 760 mm. Pressure 
Temperatures from 0° to 99° C. 


Temp, 
r' C. 

Partial l^ressuro of 
Water Vapour in 
mm. of Mercury. 

GrammoB of 
Water Vapour 
absorbed by one 
cub. metre of 
Dry Gaa atO“C. 
wb(‘n saturated at 
1 "" C. and 760 mm. 

“ Partial Volumes ” of Dry Gas and 
Water Vapour in a Saturated Mixture 
at t" C. and 760 mm. 

Total Voiume of 
Gas and Water 
Vapour resuiting 
from Baturating 
one cub. metre of 
Dry Gas at 0“ and 
760 mm. to 1 " C. 

Dry Gas per cent. 

Water V’^apour 
per cent. 

0 

4-569 

4-866 

99-40 

0-60 

1-0060 

1 

4-909 

5-231 

99-36 

0-64 

1-0107 

2 

5-272 

6-620 

99-31 

0-69 

1-0144 

3 

5-658 

6-035 

99-26 

0-74 

1-0191 

4 

6-069 

6-477 

99-20 

0-80 

1-0228 

6 

6-507 

6-948 

99-14 

0-86 

1-0275 

iS 

6-971 

7-448 

99-08 

0-92 

1-0312 

7 

7-466 

7-983 

99-02 

0-98 

1-0359 

8 

7-991 

8-550 

98-95 

1-05 

1-0407 

9 

8-548 

9-153 

98-88 

1-12 

1-0444 

10 

9-140 

9-794 

98-80 

1-20 

1-0491 

11 

9-767 

10-47 

98-71 

1-29 

1-0539 

12 

10-432 

11-20 

98-63 

1-37 

1-0587 

13 

11-137 

11-97 

98-53 

1-47 

1-0634 

14 

11-884 

12-78 

98-44 

1-56 

1-0682 

15 

12-674 

13-64 

98-33 

1-67 

1-0730 

16 

13-510 

14-66 

98-22 

1-78 

1-0778 

17 

14-395 

15-63 

98-11 

1-89 

1-0826 

18 

15-330 

16-56 

97-98 

2-02 

U 0884 

19 

16-319 

17-66 

97-85 

2-15 

l - 0()33 

20 

17-363 

18-81 

97-72 

2-28 

1-0981 

21 

18-466 

20-04 

97-67 

2-43 

1-1040 

22 

19-630 

21-33 

97-42 

2-68 

1-1099 

23 

20-858 

22-70 

97-26 

2-74 

1-1148 

24 

22-152 

24-16 

97-09 

2-91 

1-1207 

25 

23-517 

25-69 

96-91 

3-09 

1-1267 

20 

24-966 

27-32 

96-72 

* 3-28 

1-1327 

27 

26-470 

29-03 

• 96-62 

3-48 

1-1387 

28 

28-065 

30-85 

96-31 

3-69 

1-1447 

29 

29-744 

32-77 

96-09 

3-91 

1-1518 

30 

31-610 

34-80 

96-85 

4-15 

1-1578 

31 

* 33-366 

36-96 

95-61 

4-39 

1-1650 

32 

36-318 

39-21 

96-36 

4-65 

1-1722 

33 

37-369 

41-61 

96-08 

4-92 

1-1794 

34 

39-623 

44-14 

94-80 

5-20 

1-1866 

35 

41-784 

46-81 

94-60 

6-50 

1-1939 

36 

44-168 

49-63 

94-19 

5-81 

1-2023 

37 

46-648 

62-61 

93-86 

6-14 

1-2096 

38 

49-259 

66-76 

93-62 

6-48 

1-2181 

39 

51-996 

69-09 

93-16 

6-84 

1-2266 

40 ^ 

64-865 

62-60 

92-78 

7-22 

1-2363 

41 

67-870 

66-32 

92-39 

7-61 

1-2448 

42 

61-017 

70-24 

91-97 

8-03 

1-2545 

43 

64-310 

74-38 

91-64 

8-46 

■ 1-2643 

44 

^ 7 - 767 ' 

78-76 

91-08 

8-92 

1-2763 

45 

71-362 

83-38 

90-61 

9-39 

1-2863 
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Temp. 

t^G. 

Water Vapour. 

Relative Volumes. 

Total Volume. 

Tension min. 

Orammes. 

Dry Gas per cent. 

Water Vapour 
per cent. 

Gas and Water 
Vapour. 

46 

76131 

88-26 

90-11 

9-89 

1-2974 

47 

79-071 

93-43 

89-60 

10-40 

1-3085 

48 

83-188 

98-89 

89-05 

10-95 

1-3208 

49 

87-488 

104-67 

88-49 

11-61 

1-3332 

50 

91-978 

110-78 

87-90 

12-10 

1-3468 

51 I 

96-664 

117-25 

87-28 

12-72 

1-3605 

52 

101-654 

124-10 

86-64 

13-36 

1-3742 

53 

100-()55 

131-35 

85-97 

14-03 

1-3892 

54 

111-973 

139-03 

85-27 

14-73 

1-4054 

55 

117-616 

147-17 

84-54 

15-46 

1-4218 

56 

123-292 

155-80 

83-78 

16-22 

1-4394 

57 

129-310 

164-97 

82-99 

1701 

1-4571 

58 

135-575 

174-70 

82-16 

17-84 i 

1-4761 

59 

142-097 

186-03 

81-30 

18-70 

1-4963 

60 

148-885 

196-02 

80-41 

19-59 

1-6179 

61 

155-946 

207-72 

79-48 

20-52 

1-5396 

62 

163-289 

220-18 

78-51 ^ 

21-49 

1-5639 

63 

170-924 

233-46 

77-51 

22-49 

1-5883 

64 

178-858 

247-63 

76-47 

23-53 

1-6152 

65 

187-103 

262-77 

75-38 

24-62 

1-6436 

66 

196-666 

278-97 

74-25 

25-75 

1-6733 

67 

204-559 

296-32 

73-08 

26-92 

1-7044 

68 

213-790 

314-92 

71-87 

28-13 

1-7381 

(59 

223-369 

334-91 

70-61 

29-39 

1-7746 

70 

233-308 

356-41 

69-30 

30-70 

1-8137 

71 

243-616 

379-69 

67-95 

32-05 

1-8566 

72 

254-305 

404-62 

66-54 

33-46 

1-9002 

73 

265-385 

431-71 

65-08 

34-92 

1-9488 

74 

276-868 

461-09 

63-57 

36-43 

2-0002 

75 

288-764 

493-04 

62-00 

38-00 

2-0570 

76 

301-086 

527-88 

60-38 j 

39-62 

2-1179 

77 

313-846 

565-99 

58-70 ! 

41-30 

2-1843 

78 

327-065 

607-81 

66-97 I 

’ 43-03 

2-2674 

79 

340-726 

653-86 

65-17 

44-83 

2-3386 

80 

354-873 

704-79 

63-31 

46-69 1 

2-4268 

81 

369-508 

761-36 

, 61-38 i 

48-62 

2-5246 

82 1 

384-643 

824-50 

49-39 

60-61 

2-6344 

83 1 

400-293 

896-38 

47-33 1 

62-67 

2-7666 

84 

410-472 

975-46 

45-20 

54-80 

2-8939 

85 

433-194 

1,066-5 

43-00 

57-00 

3-0616 

86 

460-473 

1,171-0 

40-73 

59-27 

3-2298 

87 

468-324 

1,291-9 

38-38 

61-62 

3-4381 

88 

486-764 

1,433-4 

35-95 

64-05 

3-6792 

89 

605-806 

1,601-0 

33-45 

66-65 

3-9666 

90 

625-468 

1,802-7 

30-86 

69-14 

4-3102 

91 

545-766 

2,049-7 

28-19 

71-81 

4-7329 

92 

666-715 

2,359-1 

25-43 

74-67 

6-2596 

93 

688-335 

2,757-6 

22-69 

77-41 

6-9393 

94 

610-643 

3,289-6 

19-65 

80-35 

6-8433 

95 

633-657 

4,036-4 

16-62 

83-38 

8-1121 

96 

667-396 

6,166-2 

13-60 

86-60 

10-017 

97 

. 681-879 

7,022-9 

10-28 

89-72 

13-192 

98 

707-127 

10,760-7 

6-96 

93-04 

19-544 

99 

100 

733-160 

760-000 

21,978-4 

3-53 

• 96-47 

38-604 
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The effect of total pressures differing from the normal standard, viz. 760 mm. 
Hg upon the figures given in the table, is that the ‘‘ ratio ” between the steam and 
gas quantities in a unit volume alters. At a given temperature the partial pressure 
of water vapour in a saturated mixture is constant whatever be the total pressure. 
Thus at 45° C. the partial pressure of water =71 -4 mm. Hg. 

°C7. Total Volume of 1 Cubic Metre Dry Gas (N.T.P.) Sat. at C. 



Fia. 170 . — Curves regarding Saturated Mixtures op Gases and Steam. 


For a mixture having a total pressure of : 

(1) 760 mm. Hg the partial pressure of the air = 688-6 mm. Hg. 

(2) 700 „ ,, „ =628-6 „ 

(3) 820 „ „ „ =748-6 „ 

In other words, at a constant temperature the ratio of steam to air varies 
inversely with the total pressure of the mixture. 

From the above remarks it should be plain that if in practice we know the 
temperature of the saturated air and steam blast mixture, then we are •able to say 
defimtely what weight of steam is being added per unit volume of air. The operator 
will soon find out at which blast temperature there are the least difficulties encountered 
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in the gasification of a given coal, and will therefore endeavour to maintain 
this temperature constantly. 

All that is needed to control the operation in this respect is the provision of 
a thermometer in the air blast pipe, by means of which it is at once indicated whether 
more 8t(?am is to be added or cut ofi from the air main. Such a thermometer 
should be placed in an accessible place and at a point of the air blast pipe where 
proper intermixing of air and steam has taken place. In some cases the tempera- 
ture may be automatically controlled by a thermostat, in which case it is generally 
advisable to add a thermometer as a check control. 

There are a few exceptional cases met with in practice where the blast tempera- 
ture indicated by a thermometer does not represent the actual saturation temperature, 
such cases being practically always due to a super-heating of the air blast. This 
may be due to passing the steam and air through a hot jacket or to an insufficient 
supply of water to a “ flash ” boiler, etc. ; in other words, due to the particular 
producer or steam-raising means employed, and as such cannot be avoided unless 
the design is modified. 

Another cause is also possible, viz. where super-heated steam is added to the 
air, or where dry high-pressure steam is “ wire-drawn through the control valve 
and thereby becomes super-heated ; in either case the sensible heat, or “ super-heat,” 
of 1he steam may be of such a magnitude as to heat the air to a higher temperature 
than the saturation temperature. Where such conditions might prevail it is 
advisable to modify the steam supply means so that wet steam is supplied to absorb 
the “ super-heat.” A control test of steam content in air blast is easily carried 
out by passing a quantity of the air blast slowly through sulphuric acid and measur- 
ing the remaining air volume (see p. 469). 

Note , — Whether the future will bring us an indicator whereby we can read off the 
moisture content of the air, whether super-heated or not, in a similar way to the CO 2 
flue gas indicators, is still an open question. Such an appara*tus would, however, be of 
extreme advantage in connection with large by-product recovery plants. 

The most common experience in practice is, however, that the air blast is 
“ wet,” that is, contains entrained moisture, originating not only from the moisture 
content in the steam before admixture, but also from the expansion of the steam 
flowing through the nozzles of steam jet blowers, valve openings, etc. Although 
the expansion of steam is not purely an adiabatic one, some steam is nearly always 
condensed in practice, thus making it necessary to supply a larger steam quantity 
than is actually present as vapour in the air blast passed into the fuel. 

Means for supplying Mixtures of Endothermal Agents with Air 
TO Gas Producers 

In the foregoing we have only dealt with plants in which steam was the only 
endothermal agent added to the air for the producer. Apart from the ease -of 
control attached to plants using steam as the only endothermal agent, and apart 

18 
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from tlie fact that the use of ordinary products of combustion in the air blast is 
generally not economical (p. 24) when a cold gas of a high calorific value is to be 
manufactured, there are certain gas producer plants operating on a commercial 
scale in which a quantity of products of combustion is added directly to the air 
blast entering the gas producer. 

More than thirty years ago Dr. L. Mond was granted a patent for raising the 
steam required in a gas producer by washing the products of combustion from a 
gas engine with cold water, thus cooling down and saturating the burnt gases with 
water vapour, the whole or part of these moist products being introduced with air 
into the gas producer, either alone or mixed with extra steam. ^There are gas 
producer plants at work in England to-day . 

in which such a system is employed with ^ 

commercial success. II., g 

Eig. 171 shows the Galusha type of M 

steam-raising device built by the Gas Pro- l_l 

ducer and Engineering Corporation, New 
York, U.S.A. In this apparatus water 
is sprayed directly into the gas engine ex- 
haust and the mixture taken to tlie producer. 

J is the exhaust pipe from the gas engine; 41 

D a water jacket round the same, in which |j 



aiHfut fo'-o*' ' 

Fio. 171 . — Galusha Steam Raiser. 


the water to be evaporated is pre-heated before being admitted to the exhausi 
pipe E through the regulating cock A. As the water comes into contact with th( 
hot exhaust gases some of it is flashed into steam, which is removed into the stean 
dome K, while the exhaust gases enter the silencer F and leave for the atnio 
sphere through the pipe C. The “ steam for the gas producer leaves through ai 
insulated pipe B, while its admission to the producer is controlled by a separ.ati 
valve. 

Any “ steam ” supplied in this w^ay must contain exhaust gases such as nitroger 
oxygen, and CO^j. It is difficult to say in what proportion these gases would exis 
to the steto, but it would appear unlikely that a very distinct separation of stear 
and exhaust gases will take place in pipe E. 
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When the gas is used for operating gas engines where the lower calorific value 
of the gas does not seriously affect the working efficiency, it would appear that 
such an arrangement should work satisfactprily so long as a sufficiently large amount 
of the vaporized steam can be removed into the dome K ; obviously the necessity 
for eypcnditure for raising steam for the gas producer is eliminated. 

In Germany some large gas producers for furnace use have obtained their 
steam supply by passing part of the furnace flue gases through a baffle washer 
charged with water spray, the sensible heat of the burnt gases being utilized to 
raise steam in a direct way. Unless the flue gases have a very liigh temperature, 
the extra quantity of nitrogen in the air blast due to the flue gases will tend to 
make a producer gas of lower flame temperature ; generally speaking, better furnace 
results would probably be obtained if the waste heat of the flue gases were used to 
raise steam in an indirect way, say by a waste heat boiler or economizer, or pre- 



F]g. 172. — 'J'ait's Gas Producer using Kxjiaust Gases. 


heating air in an air heater and letting the hot air raise its own steam by washing 
with water in an air saturator. 

Fig. 172 shows a general arrangement of a gas producer and engine on the 
Tait system, such as was recently described by Gwosdz.^ This type of plant, which 
was first put forward by Godfrey M. S. Tait, of Washington, D.C., U.S.A., is specially 
characterized by part of the exhaust gas from the engine being added to the air 
entering the producer. 

1 is the gas producer, 5 and 8 gas-cooUng plant, and 10 the exhauster, which 
causes the producer to be worked under suction and the gas to be delivered under 
pressure to the gas engines by means of pipe 11. The exhaust from the gas engines 
is passed through branches 15 and main pipe 16 to the silencer 19, a branch 14 to 
convey part of the exhaust gases to the producer being provided. Air is sucked 
in through branch 13, and valves 17 and 18 are provided to control independently 
the relative quantities of air and exhaust gases respectively. 


^ Dr. Eng. Gwosdz, Feuerungstechnik, February 1, 1921. 
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With an air and gas mixture containing 3'3 per cent COj, 18'9 per cent Oj, 
and 0-1 per cent CO, the gas produced had the following analysis : — 


COj . . . 

0 , . . . 

CO . . . 

H, . . . 

CH4 . . . 

N, ■ ■ • 

Total combustible gases 


1*8 per cent. 
1*2 „ 

26-2 „ 

04 „ 

0-7 „ 

69-7 „ 

27-3 „ 


Although the engine would be likely to work satisfactorily with a gas contain- 
ing such a small and probably regular quantity of hydrogen, this analysis clearly 
confirms that the theoretical considerations made on p. 24 regarding the addition 
of products of combustion to the air passed into the fuel bed causes a reduction 
of the gas-heating value, which in case the cold gas were used for heating purposes 
would be a most uneconomical procedure. 

According to a personal communication from Mr. Tait to the author, it has 
been found of advantage in some of these plants to add steam to the air in addition 
to the products of combustion, to keep a proper check upon the clinker formation 
from fuels with a fusible ash. 

In semi-gas producers, for instance, such as are used in gas works for heating 
the retorts, hot products of combustion have been injected into the grates to ensure 
a saving in steam consumption, plants of this type having been put to work both 
in U.S.A. and Germany. 

A theoretical dissertation has been made by Hudler,^ who comes to the follow- 
ing conclusions concerning the use of this system in semi -gas -fired gas works 
retorts : — 

“ The economical advantages which can be achieved by the admission of 
products of combustion to the grate are not caused by the chemical properties of 
the burnt gases (i,e. its COg content), but only by their content of sensible heat. 
A good gain should be obtainable if the h>t gaseous products are directly admitted 
to the fire, while if they are cooled previously the method becomes uneconomical.” 

Speaking generally, it would appear that if the products have a tempera- 
ture below 300 to 400° C. no great operation economy is likely to be obtained ; 
moreover, with very hot gases the tendency of the fuel to clinker may become 
excessive. 

An interesting system for raising steam for use in gas producers is being supphed 
by the German firm of Bender & Fraembs. It consists of an evaporator inside 
which a fraction of the crude producer gas is burnt, the products of combustion 
thus coming in direct contact with the water to be evaporated. The resulting 
superheated mixture of products of combustion and steam is added to. the air blast 
and mixed with this previous to introduction into the producer. 

1 I). J. Hudler, Oas u. "W aHa&rfaoh, p. 475, 1921, 
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Figs. 173-175 show various views of a two-producer plant fitted with this 
system. 

1 designates the producers connected by pipes 3 to the common gas culvert 2. 
The vaporizer consists of combustion chamber 5, evaporating chamber 6, both 
lined with firebrick, to which is connected the water supply tank 9, motor-driven 
fan 8, and pipe 10 to producer. A small amount of the crude producer gas is re- 
moved from the culvert at 11 by uptake pipe 12 (with control valve 13) and burnt 
by burner 14 at the base of the combustion chamber 5. When completely burnt 
the products of combus- 
tion enter the vaporizer 
chamber 6 through open- 
ing 15 ; these hot pro- 
ducts of combustion are 
brought into immediate 
contact with a sheet of 
water flowing down the 
reversing cascade series 
of cast-iron plates 16. 

The water level in tank 
9 is maintained con- 
stant, hence by adjust- 
ing valve 18 the water 
flowing through funnel 
17 can be definitely 
controlled. 

The water is quickly 
evaporated, the mixture 
of products of combus- 
tion and steam being 
removed from the 
vaporizer at a temper- 
ature of 300°-400° C. 
through branch 19. 

Before entering the 
fan, air is added from 
tee 20, provided with 
regulating slide 21, the 
fan thus distributing 
the air blast mixture to the two producers by pipe branches 10, each being pro- 
vided with its own regulating slide 23 and non-return valve 24. To avoid radiation 
and condensation losses all air blast pipes are insulated. 

It is stkted that by this method 0-135 to 0-250 kg. of water is vaporized 
per kg. of black coal gasified, and 0-06 to 0-13 kg. per kg. of brown coal, defend- 
ing upon the operating conditions and the ash fusibility of the fuel. The power 





Fig, 173. — Bender & Fraembs’ Direct Vaporizer Plant 
(Side Elevation). 
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Fig. 174. — Bender & Fkaembs’ Direct Vaporizer Plant 
(Kectional Elevation). 


consumption for a producer gasifying 10 tons of coal per twenty-four hours is 3 to 
4 B.H.P. when the blast is provided at a pressure of V W.G. 

Subject to the wear of 
the cascade plates not being 
excessive, a system like this 
would seem, under reason- 
ably regular load conditions, 
to have certain advantages, 
viz. — 

(1) Saving in over-all fuel 
bill. 

(2) Independence of separ- 
ately fired boiler 
plant with its in- 
herent th ermal losses. 

(3) The avoidance of con- 
densation of steam, 
such as is usual in 
steam jet blowers. 

The steam consumption of \ lb. per lb. of coal mentioned above would probably 
be low for fuels with highly fusible ashes, but assuming this consumption as a basis 
we may make the following 
calculations : — 

Under the assumption hot 
producer gas as per case 1 in 
Table 25, p. 68, is being made, 
and that 70 per cent of the 
“ cold ’’ heating value of this 
gas (1476*5 cals, per cub. m.) is 
utilized for raising 0*25 kg. of 
steam to 350*^ C. (the tempera- 
ture of the outgoing gases), 
then we require — 

(steam) 

0-260 x 747 100 

1476-5 ^ 70 

=0*181 cub. m. gas per 
kg. coal gasified. 

If I kg. of coal yields 3*5 





JJ 


pr — 

j 1 

i 

1 




Fig. 175. — Bender & Fraembs’ Direct Vaporizer 
Plant (Plan View). 


cub. m. of gas in the producer, 5*2 per cent of the gas generated will have to be 
used for this purpose. 

Similarly we may calculate the steam content in the mixture leaving ( assuming 
the conations of combustion as per p. 517) as follows 
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By combustion of 1 cub. m. of gas we obtain 2-13 cub. m. of total products of combustion 
containing *216 cub. m. (10 per cent) HjO. 

For each kg. coal gasified we vaporize 0-25 kg. water having a volume (N.T.P.) = *42 cub. m. 

,, „ we require 0*181 cub. m. gas giving products . . = *385 cub. m. 

Total products .... = >8 05 cub, m . 

Steam content in products 
„ „ from water 

Total steam . . = *459 cub. m. 

I.e. per cent steam in products . . . . = 57 per cent. 

Corresponding saturation temj)eraturc of products = 85° C. 

The total amount of endothermal agents in the mixture is as follows : — 

Products of combustion from 1 cub. m. gas contain *327 cub. m. COg. 

„ ,, 0*181 „ „ *059 „ 

CO 2 in mixture . . . . . = 7*3 per cent. 

Total per cent of H 2 O -}- CO 2 . . . —64*3 „ 

The above rough calculation would seem to prove that the admixture of ai 
endothermal agent so rich in steam with the air blast should not have any serioui 
influence upon the gasification results. 

{/) PRODUCh^RS WITH BY-PRODUCT RECOVERY 

From pages 78 to 114 we have seen that the by-products to be recovered froE 
producer gas are mainly ammonia and tar. 

During the thirty years following Dr. L. Mond establishing in Winningtoi 
Cheshire, on a successful commercial scale his process for recovering ammonia i 
bituminous coal gas producers, ammonia was usually looked upon as the onl 
by-])roduct worth recovering from a fuel ; indeed, in many producer designs of te 
to fifteen years ago various means of destroying the tar evolved from volatile fuel 
formed the subject of patent applications. 

Due to the shortage of oils, lubricants, etc., under which the Central Europea 
Powers suffered during the war period, various devices were then evolved, part 
cularly in Germany, with the object of increasing the amount of and conservin 
the tar oils evolved from the fuel during gasification. The ammonia yield from tl: 
fuel was, however, in most cases considered of secondary or insignificant importanc 

We shall therefore in this chapter concern ourselves with — 

1. Producers designed mainly with the object of yielding ammonia. 

2. Producers designed mainly with the object of yielding tar oils. 

While producers designed for ammonia production always will produce tar, tl 
reverse cannot be said of producers designed for tar recovery. 


= *039 cub. m. 
= -42 „ 
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1. Ammonia Recovery Gas Producers 

In 1883 Young & G. Beilby, in a paper read before tbe Society of Chemical 
Industry, claimed that when using bituminous coal in an externally heated retort 
(similar to those employed in the Scotch shale industry) having a coke gas producer 
at the base, the gas obtained was of the following composition : — 



CO2 

00 

CH4 

H2 

No 


16-6 per cent, 
8-1 „ 

2-3 „ 

28-6 „ 

444 


and that 60 to 70 per cent of the nitrogen 
in the fuel was recovered as ammonia. 

Their plant does not, however, seem 
to have found extensive use, due prob- 
ably to the expensive retorts involved. 
As a matter of historical interest their 
retort generator design is shown in 
fig. 176. 

A is the gas producer fed with coke 
from the superimposed retort B, and 
used for heating these both internally 
and externally. Steam and air entered 
at two places E, while the gases were 
removed at the top to a gas-collecting 
main C. Coal was supplied at D. 

Dr. Ludwig Mond’s first gas pro- 
ducer plant was built in 1883-1885 ; ^ it is 
shown in fig. 177. As evidence of the 
chemical engineering ability and enter- 
prise of Dr. Mond it need only be 
mentioned that the first plant built 
was not a test plant, but one having 
a gasification capacity of no less than 200 tons of bituminous coal per twenty- 
four hours. 

The gas producers were of the iron-bound brick type, rectangular in shape, 
6 ft. wide by 12 ft. long, each producer being provided with two transverse walls 
A dividing the upper part into three chambers. In the two outer chambers coal 
was charged from separate hoppers, while the inner chamber served to take off the 
“gas from b^Jow the top surface of the freshly introduced fuel. 

* L. Mond, Presidential Address, S.C.I., July 10, 1889. 


Fig. 176. — Young & Beilby’s Retort 
Generator. 
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An air and steam blast of about 80 ° C. paturation temperature and pressure 



was introduced on opposite sides of the producer, the flow of gases through ther fuel 
bed thus being upwards from the edges towards the centre. 


Fio. 177 . — 1j. Mond’s First By-i 
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The fuel used was slack containing 33*5 per cent volatile matter and laoistute, 
and 11’6 per cent ash. 

The thermal efficiency of the producer was about 73 per cent when the ashes 
wheeled away contained 16 per cent carbon. 

The gas had the following analysis : — 


16 per cent . 

. COs 

10 „ . . 

. CO 

23 „ . . 

. H, 

3 „ . . 

. CH, 

49 „ . . 

. N, 

Net B.T.U. per cub. ft. 

= 129-5. 


The steam required from outside sources was | lb. per lb. of coal as charged 
into the producers. 

The tar yield was 3 per cent on the fuel gasified, but it was very thick, and 
contained only 42 j)er cent of total oils sintilar to blast furnace tars. 

Fifty per cent of the nitrogen in the fuel was recovered as ammonia. 

It was found, however, that the (quantity of ammonia recovered could be in- 
creased if more steam were introduced with the air blast, but the calorific value of 
the gas was so considerably decreased thereby that the working ])rocess and producer 
plant design was altered in 1893 as per fig. 178, which shows the design which is 
generally known as the Mond producer, and of which a considerable number has 
been built in the past. 

It consists of fuel-charging hopper A, with central-feeding bell B. 0 is the 
circumferential inclined grate suspended from the lower end of the steel shell D, 
which is lined internally with firebrick and surrounded by the producer shell proper 
E, the latter being carried by cast-iron chairs F. The depth of fuel bed employed 
for bituminous coals was between 7' and 8'. 

To enable an air blast saturation temperature of 85° C. (which was found to 
be the most suitable for a high ammonia yield) to be maintained without undue 
decrease in the calorific value of the gas, the air and steam mixture was super- 
heated by the hot gas and by passing it through the annular space between 
shells D and E. 

The “ super-heater ” consisted of a series of mild steel tubes inside which the 
hot gas travelled in consecutive upward and downward directions, from the gas 
producer outlet branch G to the super-heater outlet branch H. All these gas tubes 
were surrounded with a jacket about i" to 6" wide, through which the air blast was 
passed counter-current-wise to the flow of the gas, the air entering at K on its way 
to the gas producer jacket. 

Using an English bituminous coal the gas temperature would be decreased 
from about 550° -C. to about 300° C., while the air blast (which was sometimes very 
wet) woul(f be pre-heated from its saturation temperature to 180° to 250° C., depend- 
ing upon the state of cleanliness of the super-heater. The super-heaters were, of 
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course, protected from undue radiation losses by insulation materials, nevertheless 
between 25 and 50 per cent of the heat abstracted from the gas was often lost to 
the atmosphere. The heat transmission coefficients obtained on super-heaters on 
plants within the author’s experience have varied between 7 and 25 calories per 
sq. m., ° C.,^ and hour. 

Due to the chilling of the outside of the gas tubes by the air blast, carbonaceous 
deposits of tar, soot, and dust form a scale inside the tubes, so much so that interrup- 



tion of operation for cleaning purposes has to take place once every six to twelve 
months. Any loose dust deposits from the gas can, however, be removed without 
interruption through dust doors I. 

The fuel-feeding bell B was provided with the main object of maintaining 
constantly ihe conditions favourable for ammonia formation and to cause the 
volatile matters driven off from the fuel in the bell by the surrounding hot gases 
to pass out through the hotter fuel zones to be destroyed or cracked there. 

To obtain a more even gasification rate (and with the object of destroying the 
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tar more efficiently) Mond devised another t 3 rpe of fuel bell (see fig. 179), in which' 
part of the gas was taken through a central gas outlet A, and mixed with the gas 

from the. circumference after passing through con- 
nections B. This idea was, however, abandoned, 
since it caused an increase in the tar yield. 

Until the very recent developments in low 
temperature ammonia recovery gas producers (p. 
294), such as have been brought out by the Power- 
Gas Corporation, Ltd., Stockton-on-Tees, all plants, 
excepting only that of Mr. Q. Mf)ore (figs. 185 and 
186), have in their broad principles been based on 
Mond’s combined gas producer and super-heater, 
such as described above. In the following we shall 


Fig. 179. — L. Mond’s J^roducer 
WITH Tar Destructor. 

describe a few of these, viz. 
the Duff, Crossley, and Lymn 
types. The gas - generating 
process employed in all of 
these types was identical with 
that of Mond, the vaisious 
plants differing only in the 
designs of the producer and 
super-heater. 

The Mond and Lymn 
plants are- built by the Power- 
Gas Corporation, while the 
Duff and Moore plants are 
built by Messrs. Dowson & 

Mason, Manchester. So far 
as the author’s knowledge 
goe^ no Crossley by-product 
producer gas plants have 

been built during the last 1 so,— D uff’s By-product Producer with Super-heater. 

decade. 

The Duff by-product recovery producer is shown in fig. 180. In this the 
transverse Duff grate (figs. 48 and 49) was used, while the producer was made ^ 
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rectangular in cross section, with the comers somewhat rounded. The super-heater 
was more compact and cheaper in design and provided with better cleaning and 
dust-settling facilities than Mond’s design, but tbe difference in expansion between 
the plates in contact with gas and those in contact with air was not so well provided 
for. Another type of Duff by-product producer, but with mechanical top, is 
described in reference to fig. 137. 

The Crossley by-product recovery producer, with super-heater, is shown in 
fig. 181, and consists of a circular producer A, with coal-feeding bell, and central 
grate. The main novel feature was the super-heater B, which was of the tubular 
drum type, provided with 
a diametrical division 
plate C, thus causing the 
gas to flow downwards 
through one half of the 
tubes and upwards 
through the other half, air 
passing outside the tubes. 

The lower ends of the 
tubes, which were about 
C" to 8" in diameter, faced 
towards a conical dust- 
settling pocket D, while 
the tubes could be scraped 
externally through pok- 
ing holes provided on the 
super - heater top plate. 

Apart from the expansion 
difficulties to be expected 
with a design of this type, 
the small tubes had a 
tendency to quickly car- 
bonize up with soot and 

tar, thus necessitating — Crossley’s By-product Producer with Super-heater. 

repeated cleaning. 

The Lymn type of by-product recovery producer with super-heater is shown in 
fig. 182. This producer is provided with the revolving grate shown in fig. 71. The 
super-heater, the joint invention of Mr. A. H. Lymn and the author, consists of three 
concentric narrow annular chambers. A, B, and C, through which the air blast was 
passed in series, baffle plates being provided whereby the current was forced to flow 
in a long path in counter direction to the gas hot from the producer, which passed 
through the larger annular spaces left between the air chambers. The gas enters the 
super-heater* m a tangential direction, thus facilitating the separation of dust which 
was allowed to settle out in a conical pocket D. By this special arrangement of 
internal concentric air chambers, both sides of the plates forming an air chamber were 
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surrounded with gas or air of practically the same temperature, thus entirely eliminat- 
ing expansion troubles. The only exception, viz. the outer steel shell, was connected 
to the super-heater body by means of an expansion joint E. 

If expansion stresses are set up between the various steel shells it will be 
evident (should leakages be caused thereby) that the air blast (being under higher 

pressure than the gas) 
will escape into the gas, 
which may cause the 
formation of explosive 
mixture^. On some 
super-heaters where leak- 
ages caused by expan- 
sion stresses exist it is 
not unusual to find the 
gas containing between 
] and 2 per cent oxygen. 
To enable scraping '-of 
the heating surface dur- 
ing operation the super- 
heater is provided with 
poking holes in the t-oji 
plate. To maintain a 
temperature of sujjer- 
heat above 200" C. it was 
found an advantage to 
scrape the surface once 
Fig. 182. — Lymn's BY-rnonucT Produokk with SurKR-HEATER. to twice per month. 

. The following results 

were obtained on a Lymn plant working at Chelmsford ^ : — 

Bituminous coal gasified per week . • . about 150 tons, mainly Nottingham- 

shire nuts. 

Blast temperature 84"-85" C. 

When all steam was raised by coal-fired boilers, the total coal gasified and burnt 
under boilers was 125 tons per 100 tons gasified. 

Qas Analyst (3 months’ average). i Gas Analysis (3 months’ average). 


COj 


. ]5*8 per cent 


CH^ 

2-59 per cent. 

0 


. -15 „ 


. . . 

. 26-6 „ 

CO 


. 10-68 „ 


N . . . 

. 44-1 „ . 



Net B.T.U. 

per 

cub. ft = 1384. 



Ammonia 

recovery . 

65 

per cent (about 90 lbs. per ton of coal). 


Tar yield 


5-7 

per cent, containing 

about* 30 per cent 





oils and 70 per cent ] 

pitch. 



^ W. H. Patehell, Inst. Elect, Eng,^ March 1920. 
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The above-described producer designs are all based upon bituminous coal being 
used as the fuel, but ammonia recovery is by no means limited to this fuel alone ; 




0 ® 0 




A, aunk('r. 

Ji, Produccis, 

(', (lias (olU'ctliig Main. 
I), Gas Washer, 

W, Ammonia Absorber. 
Spare Washer ami 
Absorber. 

FFi, Gas Coolers. 


(JGi, (’entrUuyal (‘leaiiers, 
HUi, TurlM» mowers. 
i/i, Air Saturators. 

A, Boilers with Air 
Super-heater. 

L. Coal Bunker for 

Boilers. 

M, lieonomizer. 


N, Chimney. 

O, Ash Conveyer. 

P, Ash Bunker and KlevaU^r. 

Q, Steam Engine. 

11, Spare Mot«)r. 

S, Sliafting for Washers. 

T, Puiui»8 for Water Cooler 

and Elevated Water 'J’ank 


U, Liquor Pumjis. 

V, Circulating Bumps. 

W, Liquor Tanks. 

A', Aeid Tanks, 
r, Settling Tanks. 

Sulphate House. 
Zi, Sulphate Store. 


indeed, lignites, brown coal, or peat containing up to 50 per cent moisture are being 
successfully gasified under ammonia recovery conditions. 

Fig. 183 shows a Mond ammonia recovery gas producer plant for gasifying 
moist Bohemian low grade brown coal,^ the gas from which is used for firing, heating, 
and annealing furnaces in a tube rolling mill. 

^ Trenkler, Stahl and Eisen, No. 42, 1913. 
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B represents the gas producers, of which 10 are supphed, 9 of which were at work 
during the month’s testing period referred to below, the average load per producer 
throughout the month being 14*5 tons of T.D. lignite, containing between 32 and 
36 per cent moisture when charged. 

Due to the high moisture content the gas leaves the producer at a temperature 
of about 200° C., consequently the sensible heat of the same cannot be utilized to 
super-heat the air blast for the producers. For this reason air blast super-heaters 
are provided in the boiler flues between boiler K and economizer M. 

The average results of one month’s continuous test were as follows : — 


Analysis of Fuel. 


Analysis of Gas. 

Moisture . . . = 32*2 per cent. 

COa 

. . . . 15 per cent. 

Ash on dry fuel . . = 29-32 „ 

CO 

. 13 

Nitrogen . . . = 0-89 „ 

H. 

. 25 

Heating value (as supplied) = 5220 to 5580 B.T.U. 

CH4 

. 4-5 „ 

per lb. 

N, 

. 42-5 „ 

Yields per ton T.D. brown coal : , 

1 Net B.T.U. per cub. ft. = 159-9. 

64,000 cub. ft. of gas .... 


(61 -5 per cent thermal efficiency). 

64 lbs. of sulphate ..... 


(66 i^er cent recjovery efficiency). 

31-6 galls, of wet tar .... 


(say 35 per cent moisture). 

Boiler house : 

Coal burnt per ton T.D. lignite . 


= •172 ton. 

Feed water evaporated per ton of T.D. lignite 


-•9 


The very high tar yield of over 20 gallons per ton T.D. fuel should be noted, the 
reason for which is mainly to be found in the fact that the gas temperature leaving 
the producer is much lower than is common for bituminous coal producers working 
under ammonia recovery conditions ; obviously the brown coal used must be one 
containing a large quantity of tar-forming constituents. 

The following results refer to the gasification of a French lignite (La Savoie) in 
the peat recovery plant shown in fig. IM : — 


Analysis of Fuel. 


Moisture '. . . 40’52 j3er cent. 

On dry substance : 


Ash 

. 17*67 

»> 

Volatile matter 

. 50-10 

„ 

Nitrogen 

. 1-83 

>» 

Total carbon, . 

. 49-91 


Cal. value 

. 8761 

B.T.U. per lb. 


Grading = lumps. 

Gas yield per ton T.D. fuel . 

Ammonium sulphate per ton of T.D. fuel 



Analysis of Gas. 


COa 


20-8 per cent^ 

0. 


•2 „ 

CO 


10-6 „ 

Ha 


25-6 „ 

CH4 


6-4 „ 

Na 


37-4 „ 


Net B.T.U. per cub. ft. = 

162-6. 


. -78,300cub. ft. (15°C.). 

. ~ 92 ‘6 lbs. (46*3 per cent recovery). 


Fig. l84 shows a photograph of a Mond ammonia recovery gas producer plant 
designed^ to gasify a maximum quantity of 100 tons per diem of Italian peat, the 
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The above-described producer designs are all based upon bituminous coal being 
used as the fuel, but ammonia recovery is by no means limited to this fuel alone ; 
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Fig. 183 shows a Mond ammonia recovery gas producer plant for gasifying 
moist Bohemian low grade brown coal,^ the gas from which is used for firing, heating, 
and annealing furnaces in a tube rolling mill. 

^ Trenkler, Stahl and Eisen, No. 42, 1913. 


290 


MODERN GAS PRODUCERS 


saturated with steam, is used to obtain a large ammonia yield. Of the whole steam 
added to the air blast, often less than one-third is decomposed in contact with the 
carbon in the fuel, the action of the undecomposed. steam. being not only to favour 
the formation of ammonia but also to serve as a dilution agent and to effect a quick 
removal of the ammonia from the hot zones in the producer. 

The super-heaters, which are expensive to build and clean, are only required 
because the wet air blast would otherwise chill the lower zones of the fuel bed so 
much that the reactions between the steam and COg with the carbon could not be 
sufficiently completed in the time available. They have been referred to in the 
past as heat-saving appliances, but tliis is not the case ; their main bbject is to main- 
tain the right temperature for the required reactions. The sensible heat in the gas 
leaving the Mond j)roduccr in the ordinary way, at say 550“ C., does not exist in 
the cooled gas, i.e. it is all lost. If, on the other hand, cold air blast were introduced, 
it is likely that the gas outlet temperature would be lower, i.e. that the sensible 
heat loss would be less, but that the gas quality would be decreased and the ashes 
contain more unburnt carbon. 

The disadvantages attached to the Mond process did not, previous to the- War, 
have any serious effect upon the commercial success of these ]:)lants, mainly because 
fuel and labour were cheap, while sulphate of ammonia had a comparatively high 
and stable market price. 

With existing industrial conditions of expensive labour, fuel, and first cost, not 
to speak of the possibility of a considerable future reduction in the market price 
for sulphate of ammonia (due to several successful synthetic ammonia processes), 
the position becomes an entirely different one ; so much so that during the last 
few years a very large number of the gas producer plants in this country using the 
Mond by-product recovery process have been shut down, or worked without recovering 
the ammonia. 

The reason for this may be found in the following causes : — 

(1) The high consumption of steam, which exceeded considerably that of non- 

recovery gas producers. 

(2) The low calorific value of the gas. 

(3‘) The high capital outlay. 

(4) The high labour charges. 

(5) The low gasification efficiency. 

(6) The elaborate cooling and cleaning plant necessary on account of the high 

sensible and latent heat content in the crude gas. 

(7) The employment of super-heaters. 

'h 

With the extensive knowledge gained during thirty years’ experience of various 
designs of plant to operate on the Mond process, it was clearly a matter of devising 
a new j)tocess whereby ammonia could be recovered, while all of the ^bove disadvan-, 
tages were reduced to the smallest possible degree. 

^ So far two different ammonia recovery processes have been evolved : — 
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(1) The Moore process, in which the ammonia yielded from the fuel is prevented 

from decomposition by chillifig the gas producer sides. 

(2) The Power Gas process, in which the ammonia is obtained by submitting 

each fuel particle to a slow and uniform gasification. 

Both of these processes necessarily cause the gas to leave the producer at a 
low temperature, which in case (1) is obtained indirectly by water-cooling, and in 
case (2) directly, the fuel itself forming the cooling medium ; the latter process thus 
also has the efiect of submitting the fuel to a true low temperature treatment. 

The Moore by-product gas producer was placed on the market about ten years 
ago.^ It is illustrated in figs. 185 and 186, the former being a drawing of a 300 B.H.P. 
plant, and the latter a photograph of the same installation. 

The producer is elliptical in cross section and tapered in longitudinal section ; 
it is provided with two fuel-feeding hoppers at the top and two revolving dry ash 
tables at the base, which displace the ashes into a conical storage pocket at the 
lower end of the ])roducer casing. 

The producer body is divided into tliree sections, of which the lower one is 
brick-lined, the middle one water-cooled, and the top one air-cooled. The air blast 
is saturated with steam at the region of 72° to 78° C., depending upon the clinkering 
teivlcncy of the coal in use ; it is supplied in a non-superheated state to the grates, 
which have the shape of two circumferential grates joined together. 

A high temperature oxidation and gasification zone exists in the lower part of 
the producer, the gases from which are suddenly chilled on entering the water-cooled 
middle zone, thus preventing a quick decomposition of the ammonia formed from 
the coke in the lower zone. The reason for the producer body being elliptical is to 
cause the cooling efiect of the water jacket to penetrate more or less to the centre 
of the fuel bed. Similarly, to prevent the tendency of the coal jamming or arching 
between the narrow sides of the producer, the w'hole body is made to taper in a 
downward direction. 

The heat absorbed by the water jacket is utilized for steam-raising purposes, 
about half the quantity of steam required for gasification being raised in this way. 

The following have been given as typical operating results obtained : — 

Fuel 

Moisture 8 per cent. 

On dry substance : 

Volatile matter . . .33 „ 

Ash 13 „ 

Nitrogen . . . . 1*3 „ 

Steam used, 

• 0*8 to 1 lb. per lb. of coal. 

Amount decomposed . . 54 per cent. 

^ Iron and Coal Trades Review^ December 21, 1913. 
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Size. 


Steam Consumption. 


15 cwts. per hour . . .12' 0" x 6' 0" 1*25 Ibs./lb. of coal. 

10 „ „ . . . 9' S'' X 4' 10" 1 

U „ „ . . . 8'0"x4'0" *9 „ „ 

The cooling and cleaning plant used for the gas from this plant and illustrated 
in figs. 185, 186 is described on p. 412. 

In the Power Gas Corporation’s low temperature gasification process ^ the fuel 
bed depth is increased considerably, thereby causing the time factor to be made 
larger with a corresponding increase in the amount of steam decomposed in the 
producer. The very slow gasification of the fuel which is hereby ^obtained enables 
the tendency of the fuel towards caking to be greatly decreased, and causes poking 
to be practically eliminated. When gasifying a Yorkshire fuel (which required 
poking in an ordinary Mond producer) a 5' diam. low temperature producer was 
worked for five montlis on end without a poker ever having been inserted through 
the top poking holes.^ 

The gas outlet temperature being always below 300° C., the fuel on introduction 
is not heated to a temperature above that of the decomposition of the tar-forming 
bodies, hence the tar is evolved in large quantities and of a quality approaching 
that of low temperature tar. 

By S})ecial devices and careful dimensioning of the internal parts of the gas 
producer, it has become possible to obtain even temperatures at all parts of the 
fuel bed, so that no particle of fuel at the same height above the grate is treated 
at a different temperature. 

The following represent the average results of a three months’ continuous run 
on a 5' internal diam. producer : — 


Load : 6*25 tons per diem (26 lbs. per sq. ft. and hour). 
Gas temperature 133° C. 



Blast : 

Temperature 

-75*2° C., no super- 

heal. 




Steam used 

-- "94 lbs. i)er lb. of coal. 




Pressure 

=25 cm. W.G. 



Fuel Analysis, 
Moisture free : 


Ash Analysis. 

Gas Amlysis. 


Ash . . . 

8*1 % 

SiOa 

. . 31-7% 

CG 3 . . . 

8-3«c\ 

Volatile -matter 

36-2 % 

Fe,03 . 

. 29-4% 

CO ... 

21 % 

Carbon . 

73-6 % 

Mfi, . 

. • 24-7% 

H, . . . . 

20-5% 

Hydrogen 

5-3 % 

CaO 

. • 5-8% 

CH 4 . . . 

4-9% 

Oxygen 

14-0 % 

MgO 

trace 

N 3 . . . . 

45-3% 

Nitrogen 

1-56% 

SO 3 

. . • 7-4% 

Net B.T.U. i)er cub. ft. 

= 178 

Net cal. val. . 

12,200 





Swelling = 46 per cent. 





Gas yield 



= 120,000 cub. ft. i^er ton T.D. fuel. 

Tar yield 



. =20 gallonB per ton. 


Ammonia yield 

, 

. 

. =90 lbs. 

per ton (56 per cent efficiency). 

Gasification eflSiciency, 

including tar 

. =91*5 per cent. 


g ** 

excluding „ 

. =78*4 




^ Patents granted to or applied for by W. Be&wick and N. E. Rambush." 

* LTbe reader is also referred to a pax>er read by the author before West of Scotland Iron and 

ix*.i s man iaaa 
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Several of the Mond gas producer plants in this country have been adapted to 
work on the lines of the above-described process. 

In most of these existing plants the arrangement is such that it is difficult to 
make a complete conversion to true low temperature gasification conditions. Fig. 
187 shows a photograph of such a converted semi-low temperature gas producer. 

The following are a series of results obtained during one week’s continuous 
night and day testing period on this particular producer : — 


Duration of test 168 hours. 

Average load on producer : tons of dry coal per 24 hours . 25-2 

Net calorific value of fuel : B.T.U. per lb. of dry coal . . 11,577 

Maximum gas rate : cub. ft. per hour reduced to 0 ° C. and 760 

mm. Ilg. (N.T.P.) 297,000 

Minimum gas rate : cub. ft. per hour reduced to 0 " C. and 

760 mm. Hg. (N.T.P.) 44,100 

Temperature of air blast 81° C. 

Total steam : Ibs./lb. of fuel, a large part of which is raised 

in the air tower 1-33 


Gas Analysis. 

CO., . .15*2 CH 4 . . 3-8 

CO“ . . 12-7 Ng . . . 40‘5 

Ha . . 27-8 • 

Total combustibles . . 44-3 , 

Net calorific value : B.T.U. per 
cub. ft. (N.T.P.) . . 160-3 

Gas yield cub. ft. at N.T.P. per 
ton of dry fuel . . . 122,400 

Per cent carbon in ash . . 15-6 

Dry tar in crude gas : lbs. per 
ton dry coal . . .194 

Ammonia in crude gas : lbs. 
of sulphate of ammonia (25 
per cent) per ton of dry coal 99 


Nitrogen content of dry coal 

1-5 per cent. 

Thermal efficiency 

76 

Fuel Grading. 


Above V . . . 

55 per cent. 

¥-r ■ • ■ 

27 „ 

¥-¥ .... 

10 „ 

Below J'' . . • . 

8 


Some typical operating results from a 
Mond gas, a semi-low temperature, and a 
true low temperature by-product recovery 
producer gas plant are given in examples 
Nos, 3, 4, and 5 in Table 25, p. 68 . 



Fig. 187.— Photooeaph of Mond Produceh 
MODIFIED TO WORK ON LoW TEMPERATURE 

By-product Recovery' Process. 
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To emphasize further the comparative advantages of the latter process over 
the Mond process, fig. 188 shows c omparative block plans of a complete installa- 
tion of 100 tons per diem gasification capacity on either system, while the table 
below will give the operating conditions ^ : — 



Mond. 

]iOw Temperature. 

Tons gasified i)er diem 

100 

100 

Space occupied in sq. ft 

55,0(K) 

25,000 

Steam required per ton of coal from outside sources 

1 *9 tons 

] *05 tons 

Sulphate recovered 

90 lbs. per ton 

90 lbs. per ton 

Dry tar recovered 

10 galls. 

21 galls. 

(’apital costs 

100 (pre-war) 

100 (1922) 

Number of men required for operation . 

10 

14 

Thermal gasification efficiency of producer : 


92*3 

Including tar 

74 

Excluding tar 

68 

80 

Over-all thermal gasification efficiency : 


• 

If steam raised in separate coal-fired boilers . 

53-5 

69*5 

If tar oils used for raising st(‘am 

56-7 

80 

Gas yield per ton T.D. coal 

133,5(X) 

118,000 

Gas analysis : 



00,: 

16 

8*3 

CO 

11 

20*5 

E, 

25 

20*5 

CH 4 

2-7 

5*5 

N2 

45'3 

44*9 

Net B.T.U. per cub. ft. (N.T.T.) .... 

135*9 

182*3 

Theoretical flame temperature of gas burnt in 



air with 3 per cent excess oxygen in products 



of combustion (see p. 516) 

1430 

1606 


From the above it wiU be realized that all the disadvantages set forward on 
p. 290 as a drawback to plants working on the Mond principle have been consider- 
ably decreased. 

How much each single advantage will mean to any particular installation is 
difficult to judge from the above, but wherever the gas is being used for furnace 
firing the fuel saving of the one process over the other is not only indicated by the 
over-all thermal efiiciency figures. Since less therms are required to fire a furnace 
with a gas of high flame temperature than with a less intense gas, an additional 
saving may be expected on this score, the actual saving depending upon the parti- 
cular heating problem involved. 

^ “Production of Byeproduct Producer Gas under Low Temperature Conditions,” J. West of 
Scotland 1. and SJ,, 1922--1923. 
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A, ProcliK’ors with Coal A’, Water Cooler for Cooling Producers. A, Sulphate Store. 

Rimkers. Tower «. /i, Ammonia Absorber with L, Stock Liquor Tanks. 

li, Super-iipaters, O, Rollers (Coal fired). Settling Tank. M, 1'ar Settling Tank i 

C, Gas Collecting Main. P, Tar Collecting Tank. O, Cooling Tower with Set- 1). 

J), Washer (Meehanieal). Q, Stock Liquor Tanka. tling Tank. N, Boiler (Gas fired). 

A’, Ammonia Absorber It, Tar Pump, etc. D. Centrifugal Cleaners. 0. Tar Pump 

(Mechanical). ,S, Settling Tank for Cool- E, Air Blowers. . P, Tar Co h'cting Tank. 

F, (Cooler (M«.'(*hanicul). ing Tower O. P, Sulphate Liquor Pumps Q, 'J'ar Dehydrating Plar 

C, Cooling Tower. 2\ Water Circulating Tanks for A. A, Coal Holst. 

A, Air Saturator (Mech- for P and H. G, Water Pumps for C S, Sulpliate Lvaporatl 

anical). U, Water Circulating , and J. Plant above Mach 

J, Air Blowers. Pumps for P and H. H, Sulphate* Liquor Pumj)s ery House*. 

K, Sulphate Evaporating F, Water Circulating tor A. J’, AshBunke*r. 

Plant. Pumps fejr O and N. J, Water Cooler le)r V. 

L, Sulphate Steire. IF, Coal Elevateir. 

M, Tar Deh>elrating Plant, A', Jdquor Eggs lor K. 

Fia. 188 . — Block Plans of 100-ton Mond Plant and 100-ton Low Temperature By-trodu 

Recovery Plant. 


2. Tar Eecovery Producers 


Whereas it will be clear that all improvements and original work on the subje 
of fonnation of ammonia in gas producers have taken place in Great Britain, it mb 
be said with equal justification that the main investigations and applications < 
the subject of recovering a high yield of valuable tar from coal in gas product 
have been evolved in Germany. “ Necessity is the mother of invention,” says t 
old proverb, and in no way is this more clearly confirmed than when we study t 
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multitude of propositions brought forward in Germany during the war period with 
a view to producing oils from fuels either by distillation or gasification. 

Apparently the first careful examination of the gas producer tar oils was on 
a Mond gas plant built by Messrs. Thyssen in 1914. Fig. 189 shows the producer 
which was employed.^ This was of the mechanical grate type (see fig. 75) with 
Mond type central-feeding bell, while the upper part was water- jacketed as in 
Moore’s producer, otherwise the producer itself presents no special features. Under 



Fig. 189. — Thysses’s Mond Gas Producer, Fuel Distillation Bell. 


low load conditions a good yield of tar was obtained, and when this in 1915 was 
found suitable for the production of lubricating oils, the basis for the low temperature 
tar production in gas producers had been obtained. 

Jhe first designs all involved the pre-distillation of the fuel in retorts hung into 
the producer like a bell on a Mond producer, through which part of the hot crude 
producer gas was passed, thus causing a distillation both by indirect heating (of 
the retort sides by the main quantity of the surrounding hot producer gas) and by 
direct heating (by the gas that was passed through the retort). 

" 1 Roser, Z.V. d. I., October 16, 1920. 
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Fig. 190 shows a design as first installed by Deutsche Mondgas Ges. ; ^ this 
embodies the stationary fuel bell A suspended from the producer top and carrying 
gas outlet branch C and fuel-charging bell B. As might be expected, uneven bummg 
of the fuel in the producer took place due to the “ trimming ” of the coal or coke 
as it left the lower mouth of the bell. Furthermore, the temperatures existing at 


various parts of the bell were 
uneven, as will be obvious 
from the following records : — 



Tn other words, the tempera- 
tures at the edges of the bell 
or retort were more than 150° 
higher thau in the centre. 

Fig. 191 shows Rehmann^s 
producer design. In this the 



single bell of the above pro- 
ducer was substituted with a 
number of smaller ones fed 
from one central - charging 
ho})])er. 

Fig. 192 shows a design 
used by Ehrhardt and Sehmer. 
In this two diametrically oppo- 
site fuel bells or retorts A were 
fixed to a revolvable table D, 
the mouth of the retorts on 
revolving thus sweeping across 
the top surface of the fuel bed. 
Fuel was fed independently to 



Fio. 191. — Producer with Multiple Fuel 
Distillation Bells. 


each bell by a hopper B, while the gas was removed through a central gas offtake C. 


The disadvantages coupled with the operation of retorts of this kind were 


mainly caused by the hanging up of coal (especially of the caking varieties) in the 


retorts themselves, and the fact that these were quickly emptied whenever there 
was a “ fall ” in the producer. The sudden emptying of a retort sets up pressure 


^ Jaworski, Stahl undEiamy March 10, 1921. 
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Flo. 192. — rEODiroER with Rkvouvable Fuel 
D iSTnxATioN Bells, 


plate pos.sesses openings and 
Eg, whereby on revolution the fuel 
is distributed over the top of the 
fuel bed in the producer i^roper. 
The base of the retort A is pro- 
vided with perforations G, while 
the revolvable finger F prevents 
too large quantities of fuel falling 
out of the retort at a time ; it 
also maintains the base of the fuel 
in the retort in constant motion. 
Part of the producer gas is sucked 
off through the retort, where its 
sensible heat is utilized for dis- 
tillation, the mixed gas leaving for 
the cleaning plant through pipe 
H. The power consumption is J 
B.H.P. 


fluctuations in the retort ex- 
hausting system and causes 
operating difficulties apart 
from those of the producer 
proper. 

To obviate these defects, 
the fuel level at the top of 
the producer was maintained 
below the mouth of the ])re- 
distillation retort, which was 
designed also to form a kind 
of mechanical feed. Various 
devices of this type are shown 
in figs. 193 to 195. 

Fig. 193 shows the Linck 
type of mechanical retort^ 
built by A. G. f. Brennstoff 
Vergasung. This consists of 
an annular stationary retort 
A, from the top of which 
is suspended a revolving 
base plate B, driven by 
worm gear C, and carrying 
fuel hopper D. The base 



Fig. 193.— Peodtjcer wnn Linck Mechanical Retort. 


The following operating results were obtained on a steel works on which static 


^ K. Linck, Sidhl und Eisen^ March 10. 1921. 
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Morgan producers had been fitted with this design of pre-distillation apparatus (a 
photograph of this plant is shown in fig. 194). 



Fig. 194.-~pHOToaKAPH of Linck Mechanical Retobt. 


Coal : 

Heating value, 7300 cals, per kg. (13,150 B.T.U. per lb.). 

Gasification per producer per 24 hours = 8-6 tons. 

Coal gasified per ton steel melted in Siemens furnaces = 251 kg. (552 lbs.). 
Carbon in ash = 7*7 per cent. 


Gas : 

Blast temperature =125° C. (super-heated). 
Steam per lb. of coal =0*132 lb. 

Analysis (mixed gases) : 

COg . . .4-6 per cent. 

CO . . . 22-26 „ 

H 2 . . . 10-12 „ 

CH 4 . . . 3 


Tar Yield per cent on coal gasified, coal in retort for two to three hours, 
22*5 per cent of total producer gas being passed through 
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Temferatures : 

Coke gas leaving producers 

Eetort gas leaving producers 

Ketort gas on rejoining coke gas in gas main 
Mixed gases at furnace .... 
Temperature drop due to tar removal 


753° C. 
150° 
35° 
603° 
150° 



195a. 


1956. 


Figs. 195a and 1956.--Mechanioally stirred Pee-distiliation Retort. 


When the producers were at work without recovering tar (that is, when gasifica- 
tion takes place in the producer in the ordinary way), the gas outlet temperatoe 
at the producers was 796° C. and at the furnaces 702° C. In other words, a smaUer 
quantity of the sensible heat in the gas is available at the furnace, this heat having 

been utilized for the pre-distillation of the coal. , , , • . 

Assuming 4-6 cub. m. of gas being made per kg. of coal, then the approximate 

sensible heit contained in = ) 1 cub. m. of gas between 763° C. and 35° C. = 270 

llJU 

cals., which represents 3-7 per cent of the heat contained in 1 kg. of coal. 
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Morgan producers had been fitted with this design of pre-distillation apparatus (a 
photograph of this plant is shown in fig. 194). 



Fig. 194.-~pHOToaKAPH of Linck Mechanical Retobt. 


Coal : 

Heating value, 7300 cals, per kg. (13,150 B.T.U. per lb.). 

Gasification per producer per 24 hours = 8-6 tons. 

Coal gasified per ton steel melted in Siemens furnaces = 251 kg. (552 lbs.). 
Carbon in ash = 7*7 per cent. 


Gas : 

Blast temperature =125° C. (super-heated). 
Steam per lb. of coal =0*132 lb. 

Analysis (mixed gases) : 

COg . . .4-6 per cent. 

CO . . . 22-26 „ 

H 2 . . . 10-12 „ 

CH 4 . . . 3 


Tar Yield per cent on coal gasified, coal in retort for two to three hours, 
22*5 per cent of total producer gas being passed through 
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The following gives a summary of Jaworski’s statements regarding the results 
obtained by the stationary and mechanically stirred fuel bell (or pre-distillation 
chamber) : — 



Productu- with 


Fixed Retort. 

Stirred Retort. 

Tar: 



Yield per cent 

4 

7-4 

Pitch content per cent 

60-65 

22-14 

Heating value cals 

8700 

8200 

Analysis per cent : 

C 

78-80 


H 

7- 8 


0 

12-15 


N 

• 1 


8 

•5 


Gas : 



Analysis : 



CO 2 

8-2 

2-1 

CO 

19 

29-6 

H, 

16-3 

6-8 

CH 4 

2-5 

1-9 

CnHra 

•4 

•6 

Net B.T.U./ft.3 (N.T.r.) . . . 

142-4 

148-5 

Steam used, lbs. per lb. of coal . 

•5 to -7 ' 

•• 


In this particular comparison there can be no doubt that less coal will have to 
be gasified with the stirred retort for the same furnace output, the extra heat 
present in the tar recovered being more than balanced by the heat saving caused 
by the higher furnace efficiency — obtained with the richer gas of higher flame 
temperature. 

All the systems illustrated from fig. 190 to fig. 195 have comprised pre-distilla- 
tion chambers which were suspended inside the gas producer proper and heated 
partly from the outside and partly by the sensible heat of the gas sucked through. 
There has been no lack of applications in which the fuel is heated by the sensible 
heat of the gas only, in retorts of smaller cross section superimposed upon the gas 
producer proper ; ' such producer t 3 rpes are shown in figs. 196 to 200. 

Fig. 196 shows the Pintsch design of gas producer with superimposed retort, 
fiuch*as js built for dealing with brown coal briquettes, non-caking coals, wood, 
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leat, or raw brown coal lumps, the moisture content of which various fuels is not 
0 exceed ,25 per cent. 

A is the brick-lined steel retort which is placed on the top of the crown of 
he main producer body B. Two separate gas outlets C and D enable the “ coke 



Fig. 197 .— Photooeaph of Pintsch Producer with Superimposed Pre-distillation Retort. 

)roducer gas ’’ and the “ retort gas ” to be conducted to their separate cleaning plants 
>r gas mains. By regulation of valves in either pipe system, it is possible to adjust 
he quantity of the hot gas that is to be taken through the retort for distillation 
)urposes. The quantity obviously alters with the nature of the fuel, but, gene^lly 
peaking, the higher the moisture content, the greater the amount of gas to be passed 

20 
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through the distillation retort. Poking holes E and F are provided whereby either 
fuel column may be independently poked. 

The temperature of the gases at the junction of the two shafts may be as high 
as 800° C., while the gas flow through the retort is controlled to give an outlet 
temperature of 100 ° to 150° C. The time during which the fuel is subjected to 
distillation is longer than with the previously described mechanical pre-distillation 
chambers, but it would appear as if “ trimming of the fuel to the edges of the 
main producer will take place just as with a stationary central bell. 

A gasification test ^ made on such a producer (a photograph of which is shown 
in fig. 197) gave the following results : — 

Fuel : Brown coal briquettes. 


Moisture content 

= 15*07 per cent. 

Ash 

= 5*46 

Volatile matter 

= 40*63 

Fixed carbon 

= 38*84 


100 per cent. 


Net heating value B.T.U. per lb. =8550 (4747 cals./kg.). 


Gas Analysis. 



(1) Producer Gas. 
Lower Compart- 
ment. 

(2) Retort Gas. 
Upjier Compart- 
ment. 

(3) Mixed Ga 
(after Tar 
Removal). 

CO 2 

4*9 

11*4 

7*7 

Cnllni 

■1 

•4 

•2 

CO 

27*0 

23*5 

25*5 

H, 

13*2 

19*2 

15*7 




1*2 

•5 

N. 

. 53*4 

38*4 

47*1 

CH 4 

1*4 

5*9 

3*3 

Net B.T.U./cub. ft. . . . 

145*6 

219 

175*8 


On the basis of the carbon balance method the gas yield was calculated to be 
2*33 cub. m. per kg. coal as charged (2-74 cub. m./kg. T.D. fuel). 

From the gas analyses it was calculated that 0-99 cub. m. per kg. or 42*5 
per cent of total gas was removed at the retort top, and 1*34 cub. m. per kg. 
or 57*5 per cent of total gas was removed at the retort base ; and that of the 
producer gas made in the lower part 65-5 per cent is directly removed, and 
34*5 per cent is passed through the retort. 

Note . — Such calculations can only be of theoretical value, since it is impossible to 
say how far the gas from the lower part is altered in composition in its passage through 
the fuel layers in the retort. 


J. f. Oasb.f September 4, 1920. 
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Tar (undehydrated) : 

Yield 8*81 per cent by weight of wet tar. 

Heating value 6788 cals./kg. (12,200 B.T.U./lb.). 

Carbon content, 62*5 per cent. 

Thermal balance in per cent on heat in coal charged : 

Heat in cold eas =77-4 per cent ,, , 

„ in tar =12*56 „ ) ^ ^ ^ 

„ lost in ashes =1 ,, 

„ lost in hot gases = 2*59 * „ 

,, unaccounted for = 6*45 „ 

* The heat lost by the gas as sensible heat seems very low, since over 40 per cent of the total gas is 
cooled to atmospheric before being mixed with the hot producer gas from the lower part. 

Fig. 198 shows the type of producer developed by A.-G. f. BrennstofE-Vergasung 
for using coal of a more caking type. The system is an adaptation of the lanck 
pre-distillation chamber described in reference to fig. 193 in so far as the retort 
base is revolvable and provided with fuel-distributing chutes and coal-sweeping 
fingers. 

Fig. 199 shows the Allgemeine Vergasunggesellschaft’s retort producer for 
gasifying raw brown coal lumps ; ^ an arrangement drawing of a complete gas plant 
is shown in fig. 299. The typical difference between this producer and the two 
previously described types is that the wMe of the gas is taken through the retort, 
and that the latter consists of an unlined steel shell. 

Both of these differences are, however, typical of the treatment of wet brown 
coal, but it is clear that for most other fuels one would either find the tliroughput 
too small or the retort would burn out or collapse at the base. 

To obtain not only gas of a high calorific value but also a large quantity of tar 
from moist fuels of this type, it has been foimd advantagljous to dry these, before 
introduction into the producer, to a moisture content of 25 to 35 per cent. The 
reason given as an explanation as to why the tar yield is higher on previously dried 
material than on wet is that the wet material will lower the temperature in the 
combustion zone and itself become scorched, on account of the fact that more carbon 
must be burnt in the lower part (to evaporate the moisture), thus causing a higher 
temperature at the base. Whether this be the exact cause or not, it is certain that 
some tar vapours begin to condense out at temperatures above 100° C. (the exact 
temperature varying with the fuel nature), so that a column of very wet material 
may serve as a fractionating medium for the hot gases containing the tar given off 
from the fuel at 300° to 450° C., thereby causing partial condensation of tar which 
may run into the lower hot zones, to be cracked in these into permanent gases or 
very light oils and carbon. 

In so far as the control of the operation of a tar recovery producer using moist 
fuels is concerned, we may perhaps draw the conclusion that the less moisture the 


^ Arnomann, G. and W. F., October 8, 1921. 
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Fig! 108. — A,-G. r. Brennstoff-Vergasunq Pre-distillation 
g Retort with Mechanical Discharge. 


k Kraftgcu, 1021, Spamer, Leipzig. 


fuel contains as charged into 
the producer, the easier will it 
be to obtain a good tar yield. 

Finally, fig. 200 shows a 
liquid slag producer with super- 
imposed low temperature retort 
as mentioned by Fischer and 
Gwosdz.^ The producer is 
divided into three sections : a 
lower one a, which is operated 
by dry blast, and at a 
gasification rate, so as to enable 
the ash to be removed as a 
molten slag through the tap 
holes d ; a middle one, which is 
partly externally *'and internally 
heated by the hot gas made in 
a ; and an uj)])er one b, which 
is a low temperature retort in- 
ternally heated only. 

Steam is added to the gas 
which is passed through the two 
upper sections of the producer, 
thus enabling a reasonably low 
temperature to be obtained. 
The mixed gas leaving the top 
of the producer is said to have a 
temperature of 150“ C., 
and is treated for both 
tar and ammonia re- 
covery in a separate 
cleaning plant. 

Concerning the 
advantages or disad- 
~ ^ vantages of either of 

the two types of tar- 
: 1 producing means, viz. 

^ the external and 
the internal retorts, 
; we can do no better 
than quote the sum- 

-LATION \ ^ , j 

mary statement made 
by Trenkler ^ : — , 

* Z. /. F.DJ., October 27, 1920. 
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(1) The external retort is cheaper to make, as 

it is of smaller diameter than the pro- 
ducer shell and consists of a plain casing 
and lining. 

(2) The internal retorts are more expensive 

in first cost and (if mechanical) more 
expensive in repairs and upkeep. 

(3) For existing plants the internal retort 

will be found the most economical to 
install, since it does not involve the 
removal of, or considerable alterations 
to, the coal - handling and storage 
plant. 



?ia. l99 .— All. Vergasungsges. Low Temperature 
Producer for Moist Brown Coaij. 


Fig. 200.— Liquid Slag Producer with ARRi 
MENT FOR Recovery of Low Temperature 
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(4r) The external retort will cause the producer to have a lower throughput ; 
nor is adjustment during operation as easily achieved, while the tar 
yield is likely to be less. 

(5) Speaking generally, the external retorts are in place for fuels that are easy 
to gasify, especially brown coal briquettes ; while lor ordinary coals the 
internal mechanical retort is more suitable. 

In connection with the thermal requirements of fuel distillation by the sensible 
heat of part of the hot producer gases, the following rough and more or less 
theoretical calculations will give a practical guide as to what may reasonably be 
expected w^hen dealing with — 

A. A good-class bituminous coal (net cals./kg., T.D. subst. =7000). 

B. Brown coal briquettes ( „ „ =5500). 

C. A low grade peat ( ,, ,, =4000). 



A. 

B. 

C. " 

Moisture content of fuel 

3 ])er cent 

15 per cent 

30 per cent 

Grammes of moisture per kg. of T.D. fuel 

31 

177 

430 

Specific heat of dry fuel j 

•3 

•3 

•3 

Temperature to which fuel must be heated before 1 
tar evolution eompleted, say 

550° C. 

500“ 0. 

450° C. 

Yield of gas in cub. m. per kg. T.D. fuel, say . 

4-5 

3-6 

2-5 

Assumed gas inlet temperature to retort . 

700“ C. 

600° C. 

600° 0. 

Assumed gas outlet temperature from retort . 

160° C. 

100° C. 

100° C. 

Temperature range of gas 

550° C. 

500° C. 

500° C. 

Heat that can be abstracted })er cub. m. gas (av. 
spec, heat- 0'35) 

192 cals. 

175 cals. 

175 cals. 

Heat required per kg. moisture for beating up and 
evaporation 

650 c.al8. 

625 cals. 

625 cals. 

Temperature range for heating up of fuel in retort . 

535°‘C. 

485° C. 

435° C. 

Heat required to evaporate moisture 

20'2 cals. 

110-5 cals. 1 

269 cals. 

Heat required to pre-heat fuel 

160-5 

146-5 

130-5 

“ Total ” heat for distilling fuel 

182-7 

256-0 

399-5 

Cub. m. ’ of gas required for this purpose . 

0-95 

1-46 

2-26 

Per cent of total gas 

21-1 

41-7 

90-5 


This calculation does not take into account that most fuels, especially those 
of younger formation (such as peat or lignite), generally have an exothermal distilla- 
tion reaction, but, on the other hand, the assumed total gas made from the fuel 
(of 4*5, 3*5, and 2-5 cub. m. per kg. respectively) includes the distillation gas, and .is 
therefore not all available for distillation. 

From the above we may draw the following rough conclusions : — 

$ 

Foi; fuels containing less than 5 per cent moisture about 25 per cent of total 
gas must go through the retort. . 
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For fuels containing about 10 to 20 per cent moisture between one-third to a 
half of total gas must go through retort. 

For fuels containing 25 to 35 per cent moisture all the gas must go through the 
retort. 

Before leaving the subject of by-product recovery gas producers it may be 
useful to attempt to forecast the possible future requirements of the industry for 
plants of this type. 

Since the establishment of technically sound and technically successful processes 
is now beyond doubt, the question becomes entirely a commercial one, in so far as 
by-product producer plants will be installed where they become a paying proposition. 
The matter of the competition between solid fuel and gaseous fuel utilization being 
outside the scope of this treatise, what are then the competitive plants purely 
from a gas-producing and by-product point of view ? 

Dealing first with the gas j.roduclion processes, the one that will produce the 
cheapest gaseous form of heat is the producer gas process, consequently the main 
competitor of the recovery gas plant will* be the non-recovery gas producer plant. 

The latter will always be the most economical for fuels low in their content of 
volatile matter and nitrogen, also for smaller units of plant where simplicity and 
case of operation are the main factors. 

Of the remaining types of gas producer plants we have, then, those which are 
of a Reasonable capacity and using fuels which will yield a reasonable quantity of 
by-products upon gasification. 

Such plants may again be subdivided according to whether the gas is to be 
suppUed for use either hot or cold. 

If the gas is to be supplied in a cold state it is clear that so long as the over-all 
thermal efficiency (that is, including the heat for steam raising) is no more than for 
the plant with by-product recovery, then it will pay to recover the by-products, 
which in such cases can be looked upon as additional gifts! 

If the over-all thermal efficiency is less for the recovery type, then there are two 
points to consider : — 

(а) Is the commercial value of all the by-products (less the extra working 

costs entailed by their recovery) likely ’to balance the extra fuel con- 
sumption ? 

(б) Is the gas produced by the recovery process likely to give a better utihza- 

tion efficiency than, the non-recovery gas ? 

(a) will have to be determined for each particular case, but concerning (b) 
the thermal intensity of a true low temperature producer gas is higher than that 
of any cold non-recovery producer gas hitherto produced on a continuously operated 
plant. 

If the gas is to be supplied holy then, as we have seen, it is possible to distil 
bituminous coal previous to entering the gas producer proper, the extra heaf loss 
involved by which is not likely to exceed 2J per cent of the total heat in the fuel, 
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so long as the heat in the recovered tar is not counted as a debit. It then practically 
becomes a question only to decide whether the extra cost of installation and 
working of the tar recovery plant will counterbalance the sales value of the low 
temperature tar. 

For undertakings generally accustomed to use hot gas there is, however, a 
further alternative, viz. to see whether cold low temperature recovery gas might 
not be more advantageously utilized. Due to the special conditions governing 
its production this gas will always have a higher potential heating value than that 
of the hot gas ; it further has the advantage of being easily piped in small mains 
from a central gas plant to any part of a large works. Its supply \t the furnaces 
is more easily controlled, and the upkeep and week-end cleaning costs are entirely 
eliminated. The furnace plant engineer will have to carefully consider all such 
points and set them down as a possible credit, which, added to the extra value of 
the by-products, may counterbalance the loss of the sensible heat in the crude gas 
and leave a handsome credit in favour of the recovery gas. 

In judging the value of the two by-products, ammonia and tar, it should not 
be forgotten— * 

(J) That the ammonia will have at least that value which represents its cost 
of jyroduction by any other process, be it a synthetic one or otherwise. 

(2) That the tar will always have a higher value per unit of heat than the coal 
from which it is made, due to its case of handlihg, storage, and higher 
thermal utilization efficiency in internal combustion engines or fiumaces. 
Apart from this, its value may be still further enhanced when by chemical 
treatment it is possible to produce from it raw materials or products 
whose values are judged not by their heat content, but by their chemical 
and other properties. 

Coming now to the consideration of the competitive plants from a by-product 
production point of view,* the only plants that will produce similar by-products 
are those of the low temperature carbonization type. 

From a thermal point of view the gas producer plants are considerably superior 
to these, in so far as for the hot gas producer recovery process the extra thermal 
loss involved by recovery is less than 2| per cent, while for the cold gas producers 
there is no loss. The losses by the low temperature distillation processes may be 
classified as follows : — 

Heat required for evaporated moisture. 

Heat contained in hot coke. 

Heat by radiation, dust, and leakages. 

Heat lost in spent heating gases (indirect heating) ; or 
Heat lost in hot distillation gases (direct heating). 

These losses vary for the various types of plant, but even for a good plant the 
thermal Icj^ses will be from 8 to 12 per cent of the heat in the fuel treated. 

From a first-cost point of view the by-product gas producer plant is cheaper 
to install. 
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From a working-cost point of view every low temperature carbonization plant 
is dependent upon a good market being available for the smokeless coke fuel 
produced, which, unless briqueted, is difficult to handle and transport without a 
certain amount of crumbhng taking place. The gas producer plant is only 
dependent upon the market for tar and ammonia products. 

So far as concerns the use of non-caking or poor-grade or moist fuels it is clear 
that the gas-producing process is far ahead of the carbonization process, since the 
residue in the former is fully utilized from a heat point of view, while the residue 
from the latter may not have any high commercial value. 

On the other hand, some low temperature carbonization processes deal efficiently 
with caking and dusty coals which are difficult to gasify successfully. Further, 
the low temperature carbonization process is generally not so dependent upon the 
fuel grading as are gas ])roducer plants. 

From the above it will be clear that although every process or plant has its 
own particular sphere, so far as the future is concerned there does not appear to 
be any doubt that gas producers in which the fuels are treated under low temperature 
conditions will find a secure place in industry. 


(J) SPECIAL GAS PRODUCERS 

The previously described gas producer details have covered the designs generally 
used in ordinary gas producer plant experience. Obviously one or more of the 
specific features of a certain design may be combined together to give that type 
which is likely to be the most efficient for a particular purpose. 

There are, however, certain gas producer plants which either operate on different 
principles to those described, or which are specially designed to use certain particular 
fuels or adapted for making gas for certain specific purposes. Such will be described 
in this chapter under the following sub-headings : — 

1 . Tar destruction producers. 

2. Vegetable and wood refuse producers. 

3. Peat or lignite producers. . 

4. Dusty fuel producers. 

5. Large gas producers. 

6. Small gas producers. 

7. Traction gas producers. 

8. Marine gas producers. 

1. Tar Destruction Producers 

In the earlier years of producer gas power plants most installations in which 
bituminous coals were used were unsuccessful mainly because the knowledge and 
experience required to clean producer gas from tar was not sufficiently developed. 
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Such conditions no longer exist now that the tar obtained from bituminous 
coals can always be completely removed, and on medium-sized and large gas pro- 
ducer units where cold gas is required made a useful by-product. Nevertheless 
gas plants for bituminous fuels in which the tar is more or less successfully destroyed 
inside the producer continue to be installed, and probably with some justification 
in the case of smaller producer gas engine power plants. 

Practically speaking, every iirofiucer type so far described has been of the 



up-draught type, that is, the 
flow of air and gas through 
the fuel bed ^as been in an 
upward direction, i.e. counter- 
current-wise to the flow of 
the fuel. From a thermal 
point of view this procedure is 
doubtless the right one, but 
obviously whatever tar may 
be evolved from the fuelSvill 
always pass through cooler 
zones, hence the tendency of 
an up-draughb producer is to 
conserve the tar. 

To prevent this, the de- 
signs of tar destruction pro- 
ducers are all based upon 
passing the distillation pro- 
ducts of the fuel through the 
hotter zones of the fuel bed, 
before removal from the pro- 
ducer. Down - drav^ht and 
double - draught (or double- 
zone) producers come within 
this classification, as do also 
arrangements for burning 
*'gre^n gases'^ 

Fig. 201 shows the Syra- 


Fio. 201. — Sykacuse Producer with Arranoement for 
BURNING Green Oases, 


cuse (U.S.A.) bituminous pro- 
ducer in which the distillation 


gases and tar vapours (“ green gas ”) generated inside the fuel bell are ejected 
(with some of the producer gas) and injected with the air and steam blast into the 
lower incandescent zones of an up-draught producer ; by this method the tar 
vapours and other distillation products are decomposed into the permanent gases, 


COg, CO,^and Hg. 

When producers of somewhat similar types were put to work or experimented 
with i» this country about fifteen years ago, serious operation difficulties were found 
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due to tar blockages of green gas pipes, clinkering of grate bars, while gas of a low 
heating value was obtained, all of which resulted in the complete abandonment 
in England of burning “ green ” gases under the grate. 

Nevertheless, for some of the American fuels, which contain a reasonably low 
amount of volatile matter (and therefore probably less tar and distillation gas 
than English bituminous gas producer coals), it does not appear unlikely that the 
arrangement shown may work satisfactorily. 

Fig. 202 shows the Pintsch suction gas producer for bituminous coal. It 
consists of two compartments, an upper large distillation chamber A and a lower 
gas-producing chamber H. Part of the producer gas from H is passed through the 
fuel in A, while the main gas quantity passes round the annular space B, is collected 
in the channel D, and leaves the producer at F, thus indirectly heating the fuel 
in the retort A ; the sensible heat of the hot producer gas leaving the producer is 
further utilized for steam raising. The gas passing through the retort, together with 
the distillation gases, tar vapours, and moisture, is removed in two pipes G, and 
blown by two independent jet blowers J into the hearth C, where (mixed with the 
air sucked in from the atmosphere) it passes up through the incandescent fuel bed 
in H, in which the tar is completely spht up into gas. 

From the theoretical calculations put forward in the table on p. 310 it will 
be realized that the quantity of gas which is to be drawn through the retort and 
returned to the fire way be a considerable amount of the total ; further, that by 
burning the tar extra heat will be generated in the ash zone, which, with certain 
fuels, may cause clinker formation. Both of these factors would appear to indicate 
that the sectional area of the lower compartment of the producer will have to be 
ample. 

Using a suitable bituminous fuel, a producer of internal diameter of 900 mm. 
(about 3') will generate 320 cub. m. (11,200 cub. ft.) of producer gas per hour, having a 
heating value of about 975 cals. ])er cub. m. (109 B.T.U. per cub. ft.), the gasification 
efficiency being 65 to 70 per cent in accordance with the fuel used. 

The average analysis of several gas samples taken on a plant using a bituminous 
coal of 7250 cals./kg. (13,050 B.T.U./lb.) heating value was-- 


CO2 . 

CO . . . 

H, . . . 

CHj . 

N, . . . 

Net B.T.U./cub. ft.= 


8 * 6 .per cent. 
18*3 „ 

14*0 
•6 „ 

58'5 „ 

108*9. 


It will be seen that the gas is typical in its lack of CH 4 , and that it has a 
calorific \alue in no wise as good as that made in an up-draught plant from coke 
or anthracite. 

When we bear in mind that the tar also in this plant is converted into gas and 
yet the efficiency is no higher than 65 to 70 per cent, that is, less than that of a 




Fig. 202. — Plntsch Producer \^^TH Arrangeme^^t for burning Greek Gases. 
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bituminous plant in which the tar is condensed out from the gas, we at once realize 
the weak point of not only this particular tar destruction producer but practically 
all producers of this class. 

In the author’s opinion the main reason for this decrease in thermal efficiency 
and m gas-heating value is the high gas outlet temperature which the gases are 
likely to possess and their large volume per unit weight of fuel. 

On p. 212 we described the Cambridge log wood producer (fig. 114), which is 
of the down-draught type, 
that is, the whole of the 
gas leaves the gas producer 
at the grate bars, thus 
forcing not only the tarry 
vapours but also the char- 
coal producer gas through 
the hottest parts of the 
fuel bed, immediately 
previous to leaving the 
producer. 

In fig. 203 is shown 
an American down-draught 
])roducer, the Akerffind 
type. The })roducer steel 
shell is suspended in a 
water lute through which 
ashes are removed in the 
ordinary way, their re- 
moval being facilitated by 
the provision of a central 
steel-cased concrete cone. 

From the lower end of the 
producer casing is sus- 
pended a steam vaporizer, 
the inside of which is in 
contact with the fuel bed, 
while the outside is heated 



Fig 203 . — ^Akeelund Down-draught Producer. 


by the hot producer gas previous to its removal to the gas-cooling plant. 

Fuel is charged through doors at the top, not necessarily double-valved hoppers,, 
since in any case only air and steam exist in the space above the fuel bed. 

The air is sucked in through a pipe embedded in the brickwork, and passed 
over the top of the vaporizer before being admitted through another pipe in the 
brickwork to the top of the fuel, from whence it is sucked down through the fire 
and converted into gas in the incandescent zones, in which any tar vapours are also 
destroyed. 

When starting up a producer of this type the lower zone is made hot by working 
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the producer on the up-draught principle, until the fuel bed is in a state to enable 
tar-free gas-making to proceed in the ordinary way. 

Poking of the fuel bed from side and top and removal of ashes take place in 
the same way as on an up-draught producer. 

A typical gas analysis from the producer when using bituminous run of mine 
coal is given as — 


CO, . . . 

9-8 per cent. 

0 , . . . 

•3 „ 

CO . . . 

18-6 „ 

H, . . . 

12-9 „ 

CH 4 . 

1-6 „ 

N, . . . 

56-8 

Net B.T.U./cub. ft. 

(N.T.P.) = 116-3. 


A series of investigations^ on various producer gas plants at work in U.S.A. 
were conducted in 1914-1915 by the Bureau of Mines. From the particular 
bulletin the following figures referring to average operating details of a considerable 
number of bituminous up-draught or down-draught producers have been obtained : — 



Up -draught. 

Down-draught. 

Average heating value of gas, | Bureau of Mines . 

152* 

no 

B.T.U./cub. ft. 1 Commercial plants 

151 

123 

Maximum heating value of j Bureau of Mines . 

170 1 

123 

gas, B.T.U./cub. ft. ( Commercial plants 

175 i 

130 

Gas production in cub. ft. per lb. in Bureau of 



Mines testing station 

. 65 

68 

Bates of gasification in lbs. 1 . 

of dry coal per sq. ft. of • * * 

fill j 1 Maximum 

fuel bed area and hour ; • 

8 

13 

16-5 

22 

Power for auxiliary machines n -• 

. r 0 1 4 . \ • Installed. 

(average of 8 plants),, m . , „ , 

' ® ^ Actually consumed 

per cent on plant capacity J 

5-3 

3-3 

5-0 

3*8 


Although from this summary it is clear that the American down-draught pro-* 
ducers are working under comparatively high rates of gasification (these are normal 
for most European fuels), we again notice that the heating value of the gas is 
considerabfy less than that of the up-draught type. Since this decrease in heating 

^ Feraald,.“ Operating Details of Gas Producers,” Bull. 109, Bureau of Mines. 
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value does not appear to be counterbalanced by an increased gas production, we 
may conclude that the thermal efficiency is lower than for the up-draught type, due 
probably to higher gas outlet temperatures. 



Fia. 204 . — Dowson Double zone Bituminous Suction Plant. 



Fig, 205.— 800 B.H.P. Double-zone Bituminous Suction Plant (Dowson Type). 

Fig. 204 shows the Dowson bituminous suction producer which Messrs. Dowso 
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& Mason manufacture in sizes from 100 to 800 B.H.P. A photograph of an 800 
B.H.P. plant (consisting of two units) working on Scotch coals is shown in fig. 205. 

This producer is of the double-zone or double-draught type, in so far as the 
flow of gas through the upper fuel layers is in a downward direction and through 
the lower fuel layers in an upward direction, the resulting gas being withdrawn from 
an annular gas-collecting chamber placed about half-way up the producer casing. 

The producer is open at the top, and coal is put in there as in a down-draught 
type of plant. The upper part of the fuel bed burning downwards causes the 
volatile matters to be driven off, and these are passed through the upper part 



Fig. 206 . — Pintsch Static Doublk-zoke Suction 
Peoduoer for Brown Coal, Peat, or Wood. 


of the in(;andescent fuel bed of the 
lower up-draught coke producer, thus 
causing a decomposition of the tarry 
compounds. The mixed gases pass 
through a tubular steam boiler before 
entering the gas cooling and cleaning 
plant. 

It is claimed that almost any kind 
of coal can be used which does not 
contain more than 30 to 35 per cent 
of volatile matter ; also that with a 
fairly good quality of fuel of to 1" 
grading the fuel consumption per B.H.P. 
hour at full load in a good gas engine 
is only a little over 1 lb. The decom- 
position of the tar in the producer is 
so complete that it is often unnecessary 
to use a mechanical tar extractor for 
cleaning the gas finally. 

An eight-hour test made on a plant 
of this type using bituminous coal 
showed that the gas had the following 
average gas composition : — 




COj ■ . 

4-6 per cent. 

CO 

. 23-8 „ 

Hj . . 

. IM 

CH, . 

• 2-2 „ 

N, . . 

. 58-2 „ 

Net B.T.U. cub. 

ft. (N.T.P.) = 134-1 


Fig. 206 shows the Pintsch type of double-zone suction gas producer, the main 
difference in the design from the previously described type being that the air for 
the top zjne is Slightly pre-heated before entry and that no vaporizer is provided. 

According to makers’ statement, the producer is unsuitable for using bituminous 
coals, ^nce the temperature in the tar cracking ” zone is generally not high enough 
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to ensure complete destruction of the tars, thus causing a more or less tarry gas, 
rich in soot, to be obtained. They, however, recommend the use of highly volatile 
‘‘ younger ” fuels, such as brown coal lumps or briquettes, as well as peat and 
wood, as suitable for gasification in this producer ; the thermal efficiencies and gas- 
heating values obtained from these fuels when so gasified being as follows : — 


Fuel. 

Average Heating 
Value of Fuel as 
charged, B.T.U. /lb. 

Thermal 

Efficiency. 

Net Heating Value 
of Gas in 
B.T.U./cub. ft. 

Brown coal 

6300-9000 

50-70 

112 

Brown coal briquettes . 

7700-9000 

70-75 

123 to 135 

Peat 

5400-6300 

50-70 

100 „ 112 

Wood 

5400-8100 

50-65 

100 „ 112 


Using brown coal briquettes of, say, 
8500 B.T.U. per lb. heating value as a fuel, 
a 3' internal diameter producer will supply 
a 150 B.H.P. gas engine ; at 72-5 per cent 
gasification efficiency of 8000 B.T.U. this 
is equivalent to a gasification rate of 36*6 
lbs. per sq. ft. and hour. 

Producers of this type are built up to 
very large dimensions ; if desired, sizes 
above b' internal diameter are arranged 
to be fitted with mechanical grates. A 
special advantage in the employment of 
mechanical grates is said to be that, due 
to the ashes being removed continuously 
and regularly, there is not the same 
tendency to displace the “ tar - cracking ” 
zone as with a hand-ashed producer. 

Fig. 163 illustrates the Westinghouse 
double-zone bituminous gas producer, while 
fig. 207 shows a photograph of an actual 
installation at work in the U.S.A. The 
principle of operation of this producer is 
the same as the previously described double- 
zone producers. 



Fig. 207. — Westinghouse Double-zone 
Gas Producer. 


The following figures represent a test made on this plant : — 
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Pocahontas Semi- 
bituminouB Coal. 

Texas Lignite, 

Fuel : 



Moisture 

1-39 per cent 

23*83 per cent 

Vol. matter .... 

16-01 

38-32 „ 

Fixed carbon .... 

74-28 „ 

29-22 „ 

Ash 

8-32 „ 

8-6.8 „ 

B.T.U. per lb. as fired . 

13,983 

, 8,007 

Thermal efficiency .... 

74-5 per cent 

70-5 per cent 

Gas Anah/sis : 



m, 

7-9 per cent 

12-4 per cent 

^2 

•5 

•9 

CO 

tl8-l 

13-3 



12*6 

14*7 

*CH4 

2-6 

3-6 

N, 

58-3 

55-1 

Not B.T.U./cub. ft. (N.T.P.) . 

123-3 

122-5 


* Note.—li the gas contained such a high percentage of ('H^, it is not likely that it would bo com- 
pletely free from tar on leaving the producer, but jicrhaps the high CH^ content is due to incomplete 
absorption of CO when analysing the gas. 


Very extensive trials have been made on this producer by the Department of 
Mines, Canada,^ during the years 1913-1917, with most varying qualities of fuels, 
viz. : — 




Average. 

Heating value B.T.U./lb. of fuel as charged . 

7360 to 12,750 

10,230 

Moisture content })er cent of fuel as charged . 

1-9 „ 25 per cent 

10-4 

Ash 

6-5 „ lS-1 „ 

11-8 

the gasification results from which varied as follows : — 

Average. 

Steam used per lb. of fuel .... 

0*02 to 0-93 lbs. 

*3 lbs. 

CO 2 in gas per cent 

6-6 „ 12-8 

10*0 

CO „ 

10-6 „ 18-6 

15*1 

H 2 ,j ..... 

8-9 „ 19-0 

13*4 

Net calorific value of gas : 



B.T.U./cub. ft. N.T.P 

Tar in crude gas : 

= 78-6 „ 127*6 

104-3 

eGlrammes per 1000 cub. ft. . . . 

= 3-5 „ 36 

14-1 


* Bvll, No. 13, “ Gas Producer Trials with Alberta Coals,” Blizard and Malloch. 



GAS PRODUCER TYPES 


828 


In the conclusion come to regarding the tests the following is stated : — 

The combustion on the down-draft principle in the upper zone has many 
drawbacks, and should only be used when it is not feasible to employ an up-draft 
produce^ requiring an elaborate external plant for removing the tar from the gas. 
Better results are generally to be expected with the simpler up-draft single zone 
producer ; and a fuel unsuited to the double-zone producer may often prove entirely 
suitable for use in the simpler up-draft producer.” 

The main difficulties experienced were caking in the upper zone and clinkering 
at periods when insufficient steam was available from the vaporizer. 

The tar content in the crude gas, as will be seen, is on the average 0*5 grammes 
per cub. m., which cannot be said to be excessive ; it varied, however, considerably 
for some of the fuels, being generally very high at the commencement of the trials 
and gradually decreasing as the test proceeded. 

Just as in the case of the other tar destruction producers, the calorific value of 
the gas is very low ; such gas, although suitable for gas engine work, would not 
give a very high furnace utilization efficiency. 


2. Producers for gasifying Wood Waste and other Vegetable Refuse 

On p. 210 it was pointed out that the volume of vegetable refuse and wood waste 
per unit weight was much larger and its heating value very much smaller than that 
of bituminous coal. Furthermore, fuels of this type generally have a high moisture 
content and are sometimes of small grading. 

Each type of vegetable waste will have different properties, and consequently 
the design of the producer is best made special to the particular fuel to be employed, 
or to meet with the specific requirements of each of the various fuels that such a 
producer may have to deal with. 

To take care of the low specific weight and low heating value of these fuels it 
is necessary (for the same gas output) to increase both the diameter and fuel depth. 

To ensure that the moisture content of the fuel is as far as possible evaporated 
by aid of the sensible heat of the hot gases from the lower part the fuel depth 
provided for must be large. 

To avoid loss by carrying away smaller particles of fuel (say, sawdust) mechanic- 
ally by the gas current, the top sectional area of the producer must be made large ; 
which precaution is also necessary to avoid undue pressure loss with a finely graded 
fuel. 

On the other hand, the usual difficulties encountered in the gasification of 
bituminous coal, such as caking and clinkering, are absent, except perhaps in certain 
cases where the vegetable refuse contains ash derived from foreign bodies, which 
may cause some formation of clinker. A large number of wood waste and clean 
refuse plants are at work in which no steam at all is added to the air used for 
gasification. 

Generally speaking, we may say that so long as the particular properties of 
the fuel as mentioned above are taken into consideration, wood waste and clean 
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vegetable refuse may be counted among the raw products which arc most suitable 
for producer gas manufacture. 



Practically anf refuse or waste of vegetable origin has been used successfully 
in ?a8 producere, the following Ust being an example only of a few applications . 
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Bark (wobd). 

Blocks (wood). 

Chippings (wood). 
Cocoanut-shells and husks. 
Cork dust. 

Cotton sticks, pods, seeds. 
Dung and dry animal manure. 
Fruit stones. 

Grass (dry). 

Leaves (dry). 

Nut shells. 


Olive refuse. 

Paddy husks or rice husks. 
Sawdust. 

Sawmill refuse. 

Seed husks. 

Straw. 

Sugar works’ refuse. 
Tannery refuse. 

Tea prunings. 

Twigs. 

Wine scum (dry). 



Fig. 209.— Ruston Refuse Gas Producer. 
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The gas producer plant for these fuels obviously becomes more expensive per 
unit of heat contained in the cleaned producer gas than for fuels such as anthracite 
and coal, but since waste and refuse materials generally have a very low commercial 
value the extra capital outlay required for the gas producer plant will be quickly 



Fio 210.— PowEK Oas Corporation Waste Wood 
Producer (Aeroplane Shop Refuse). 

plant by inclined connecting pipes, each 
cleaning rods. 

A typical gas analysis made on a Ruston 


repaid by the decreased working 
costs. 

Figs. 208 and 209 show a waste 
wood suction gas producer built by 
Messrs. Ruston &^Hornsby. 

It is of the flat grate type and 
provided with a central fuel-feeding 
bell of such a depth that, besides 
eliminating too frequent charging, 
its contents serve as the second 
valve of a hopper when fuel is fed 
in through the single charging cover 
on the top. 

The specific feature of the 
Ruston design is that instead of 
removing the gas from the pro- 
ducer at rtne point a number of 
vertical gas outlet pipes are pro- 
vided at the top plate, each pipe 
being provided with a scraping rod, 
thus enabling tar and dust deposits 
to be removed from pipes without 
interfering with the production and 
supply of gas. The gas from one 
or more of the vertical gas offtake 
pipes is conducted to the cleaning 
of which is provided with similar 

waste wood plant is as follows : — 


COj . 

8 per cent. 

CO . 

. 24-1 „ 

H, . . 

• 11-7 „ 

CH 4 . 

. 3-1 „ 

O 2 . . 

. 0-3 „ 

N 

. 52-8 „ 

Net B.T.U./cub, 

.ft. (N.T.P.)= 146-8. 

waste wood or 

wood refuse plant i 


'Gai Corporation, Ltd., typical of which is the large depth of the producer. Wl^ei, 
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gasifying mixed refuse from the joinery department of an aeroplane factory, the 
following snap gas analyses were obtained : — 


1 

COj 

CO 

CH^ 

H. 

N, 

Net B.T.U. 
cub. ft. (N.T.P.) 

1 P.M. 

11-4 

21-6 

; 3-0 

16-0 

48 

149*0 

2.30 „ 

11-2 

20-6 

1 3-0 

16-8 

48-4 

147*9 

4.0 „ 1 

11-2 

19*6 

3-5 

15-2 

49-5 

144*5 


Fig. 211 shows a producer supplied by Crossley Bros, for the gasification of 
rice husks. Except that a double- valved feeding hopper and a single inclined gas 
outlet pipe are provided, it does 
not differ much from the previously 
described types. 

Fig. 212 shows the Wells pro- 
ducer (see also fig. 115), such as 
used for di’iving an 8 B.H.P. 
locomobile. A large number of 
producers under the Wells system 
is said to have been working in 
Egypt during the war period, 
when cotton sticks, small wood, 
twigs, leaves, etc. were exclusively 
employed. Previous to introducing 
the sticks, twigs, etc., into the 
producer they were either cut or 
chopped up by machines similar 
to chaff cutters. 

Fig. 213 shows a photograph 
of the Crossley spent tan pro- 
ducer, in which tannery works’ 
refuse containing up to 50 per cent water has been gasified ; it will be 
noticed that the producers are of considerable height, which is essential if fuels 
containing such an amount of moisture are to be dealt with. 

The following gas analysis was obtained when spent tan of 56 per cent moisture 
was in use 



Fig. 211. — Crossley Brothers, Ltd., Waste Wood 
Producer (Rice Husks). 


CO, 

0 * 

CO 

CH, 

H, 


6-0 per cent. 
0-6 „ 

27-0 „ 

0-9 

8-6 „ 

Net B.T.U./cub. ft. = 126-9. 
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Fig. 212— Wells Vegetable Refuse Gas Phoducer. 



Fio. 213.~-GBOSSLEy Bros. Spent Tan Gas Producer (700 B.H.P.). 
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3. Peoducebs for gasifying Peat and Lignite 

Producer plants suitable for gasifying these fuels have already been partly 
described in reference to figs. 183, 184, 199, 202, and 206. 

In many cases it is possible to bum peat or lignite efficiently in either a bitu- 
minous coal or a wood waste producer, depending upon whether the nature of these 
fuels is more similar to one or the other of the two types. Many makers thus put 



Fia. 214 .— Deutz Peat and Brown Coal Gas Producer. 

forward for peat or lignite a producer type which is a slight modification from theii 
coal or their wood waste types. 

The main points to be borne in mind when designing producers, especially foi 
lignite and peat, are the moisture content and fusibility of the ashes, caking tendencies 
being entirely absent from these fuels. The moisture content determines the fuel 
depth, while ash fusibility determines the amount of steam to add to the air. 

As regards the fuel grading, it will generally be found of advantage not tc 
charge too great lumps to the producer. For instance, unless a very great fuel dept! 
is provided for, peat sods are best broken up into smaller sizes, say 3^ maximum. 

Fig. 214 shows the Deutz type of producer, such as is used for gasifying peat 
raw brown coal, and other moist fuels such as wood, sawmill refuse, etc. The 
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paxticular feature of this producer is to be found in the design of the grate which 
is mounted on wheels, so that it can be moved away from below the producer body, 
the latter being generally carried from the supports for the operating platform. 
Such an arrangement enables a quick emptying of the producer to take plac^, but 
in addition to this the two upper grate rings are mounted on ball races, so that 
they can be turned round by hand when required to facilitate removal of ash and 
clinker. (See also fig. 223.) 

The following gasification results were obtained on a thirty-six-hour test on a 
plant of this type, using raw brown coal from the Khenish deposits : — 


Cross-sectional area of producer =0-26 sq. m. (2-8 sq. ft.). 

Net heating value of moist brown coal = 2190 cals./kg. (3940 B.T.U. per lb.). 


Moisture content of moist brown coal 
Gasification rate (moist fuel) 

„ (T.D. fuel) 

Steam used 

Gas outlet temperature 
Carbon content in ashes 


= 54*4 per cent. 

= 1800 kg./24 hours. 

= 131 kg. per sq. m. and hour (26-5 lbs. 

per sq. ft.). 

=iNone. 

= 75^ C. 

= 20-3 per cent. 


Gas Analysis : 



As made. 

Excluding Air (in Gas). 

CO,. . 



5*8 per cent*. 

7*0 per cent. 

*0, . 



. 3*5 „ 

Nil 

CO , 



. 22-1 „ 

26*6 „ 

H, . . 



9-9 

12-0 „ 

CH, . 



1-5 „ 

1-8 „ 

N» . . 



* 57-2 „ 

52*6 „ 

Net B.T.U./cub. ft. (N.T.P.) 


= 118*6 

143*1 


Gas yield : cub. m. (N.T.P.) per kg. fuel charged 

. L-38 

Dry tar yield per cent on fuel charged 

. 1-5 

Fig! 215 shows a 400 B.H.P. Crossley peat gas producer plant such as is 
operating at Portadown, Ireland. The following operating results have been 

obtained on this plant : — 


Typical Analysis of Peat. 

Moisture .... 

18-98 per cent. 

Volatile matter . 

55-17 „ 

Fixed carbon 

24-75 „ 

Ash 

M 

t " 

100-0 


operators would consider an Oxygen content in the gas of 3*5 % too high for safe workhig* 
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When using peat containing 26 per cent moisture the average gas analysis 
during a ten-hour test was : — 

CO« . . . 10'6 per cent. 


CO 
H, 

CH, 

N, 

Net B.T.U./cub. ft. 


21-0 
13-0 „ 

3-7 „ 

51-7 „ 

(N.T.P.) = 144'8. 



Fia. 216. — Cbossley Bros. 400 B.H.P Peat Plant. 


Fig. 216 shows a photograph of a plant built by the Power Gas Corporation 
at work in Italy, which is arranged to gasify 30 tons of lignite per twenty-four hours 
The producers are of the Mond type. 

The following operating results have been obtained : — 


Lignite Analysis. 

Qas Analysis. 


Moisture content . 

. = 35*6 per cent. 

CO, . *. 

18*4 per cent 

Dry substance : 

CO 

12-4 „ 

Ash . 

310 „ 

H. 

22 0 „ 

Heating value 

. ==4200 cals. /kg. 

CH, 

4*6 „ 


= 7600B.T.U./lb. 

Net B.T.U./oub. ft. (N.T.P.) 

-1501 


Fig. 217 shows a rotary gas producer lately put forward by Viele, Blackwell 
and Buck,* U.S.A., which is said, with various special adaptations, to have beer 
successfully at work on hard and soft sawdust, wood waste, fibrous peat, and slacl 
lignite. 
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The whole apparatus rotates upon the riding rings, practically as does a cement 
kiln. The material to be gasified is supplied at the left through the conveyer and 
falls on the interior of the lining of the rotary drum. The gas flows ofE in the opposite 
direction. The fuel, due to the rotary action of the drum and also to the inchnsttion, 
moves gradually to the right and is slowly heated and deprived of its volatile con- 
stituents, thus being gradually brought to the temperature of gasification in the 
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Fig. 216, — Powbu Gas Corporation 30-Ton Lignite Plant. 


active zone near the tuyere which is fixed, and is shown penetrating the rear wall 
at the right. Through the tuyere the air and steam, or in some cases COg, are 
admitted under considerable pressure. 

The ash, after the carbon is burned out, is said to fuse into plastic masses which, 
due to their constant rotation, assume a spherical shape and are removed at intervals 
through the cleaning doors, four of which are provided on the rear wall of each 
machine. * 

-A machine about 20' long by 9' in diameter will require about 6 B.H.P. ; its 
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throughput capacity being said to be from 500 to 2500 lbs. per hour in accordance 
with the type of fuel available. 

This producer shows such a radical departure from standard producer designs 
that, for the time being it is perhaps best to await further developments before 
expressing a definite opinion as to its possible field of utilization. 



4. Producers for gasipving Dusty Fuels 

Finely graded fuels have for a long time been a “ drug ” on the market, although 
modern developments in powdered fuel firing of boilers and furnaces are expected 
to enable a better commercial use to be made of the fihes, dross, and washery silt, 
which for years have formed the waste j)roducts of many a colliery undertaking. 
Apart from fines from bituminous coal or anthracite other dusty fuel is produced 
by gasworks and coke ovens, such as breeze or ballast, and from locomotive cleaning 
(smoke- box char). 

Whenever a fuel is cheap suggestions are never wanting as to processes and 
apparatus in which it might be used. Such remarks are especially applicable to 
processes suggested in connection with the economical gasification of dusty fuels. 
Observations of this kind may equally be applied to the use of the gas producer 
process for gasifying fuels rich in dust. 

The difficulties experienced in gasification are generally the great density of 
the fuel bed (necessitating the use of high air pressures), the tendency to uneven 
burning, and the thermal losses which occur due to dust being mechanically carried 
away with, the gas leaving the producer. Furthermore, since many finely graded 
fuels are also rich in ash, serious clinkering difficulties have often been experienced, 
resulting in a more uneven burning than that due to the grading only. 
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All of these difficulties may be overcome more or less successfully in most of 
the ordinary gas producers, so long as these are worked at a low rate of gasification. 
The amount of fuel that can be gasified in a given producer without excessive losses 
not only depends on the grading and ash content of the fuel, but also on its caking 
tendency. Indeed, dusty fuels showing medium caking properties are more economic- 
ally gasified than fuels of the low or non-caking varieties, mainly because the 
“ denseness ” of the fuel bed becomes less pronounced when the smaller fuel particles 
cake together and form a fuel bed of a consistency approaching that made from 
fuels of a larger grading bub of the same caking tendency. 

Many firms will put forward gas producers for dusty fuels of exactly the same 
design as their ordinary type, but will adopt a rate of gasification considerably 

less than with an evenly graded fuel such 
^ as, say, nuts. A gasification rate of 6 

’ to 8 lbs. per sq. ft. per hour is by no 
means unusual, thus causing the first cost 
of plant per ton of fuel gasified to be a 

Fig. 33 shows how Rehmann proposes 
to prevent the dust loss in the gasifica- 
tion of finely graded fuel, by collecting 
this in a large chamber and blowing it 
I from time to time back again into the 
\ producer. 

1 The German firm of J. Pintsch build 
I a special gas producer lor dealing with 
dusty fuels as shown in figs. 218 to 
220 . 

^ (fig. 218) consists of an inclined 

step grate G, .and transverse brick arch 

Fio. 218 .-P™h for Dusty 

from below the top level of the fuel, 
which is introduced through a series of charging doors A ; C is the gas outlet 
pipe, and D connections for the introduction of steam and air. The producer 
is worked under suction so as to enable the grate G to become easily accessible for 
ashing by opening the doors E, of which a suitable number is provided along 
each side. 

A more modem type, illustrated in figs. 219 and 220, is circular in cross section, 
and provided with an internal central steel gas offtake pipe, which also serves as 












Fio. 218. — Pintsch Producer for Dusty 
Fuels (Diaouam). 


a vaporizer. 

The rating of a 3-5 m. (IT 6") diameter producer is 450 B.H.P. on anthracite' 
duff, which works out at a gasification rate of about 6 lbs. per sq. ft. and hour (30 
kg. per sq.^m. and hour). 

The following operating results were obtained on a 160 B.H.P. producer using 
locomotive smoke-box char 
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Fuel Analysis. 

15*85 per cent Moisture. 

16*06 „ Ash. 

3*03 „ Volatile matter. 

5125 Cals./kg. net heating value. 
9230 (B.T.U. per lb.). 


Gas Analysis. 

8*7 per cent COg. 

20*6 „ CO. 

16*7 „ Hg. 

Net B.T.U./cub. ft. (N.T.P.) -118*9. 



Fig. 219. — Pintsch Producer for Dusty Fuels. 


Although the gasification results are satisfactory, it will be clear that it is customary 
to adopt a low gasification rate for this type of producer also. 

Recently Bourcoud ^ has revived the interest in powdered fuel gasification by 
carrying the previous experiments (upon producer gas production on the lines 
of modern powdered fuel burners) a stage further, previous plant having given 

insufiicient ^tisfaction due to the low heating value of the gas and the difficulty 

>0 

^ A. E. Bourooud, “ Gasification of Powdered Coal,” Chem. and Met, Eng.^ April 6, 1921. 
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is said to be 6 m. per second (about 20 ft..), while it is three times as large in G, 
thereby ensuring that any remaining suspended matter (ash and coal dust) is carried 
forward to chambers C. The total time the gases are in the chambers is about 
i seconds, and the exit temperature is said to be in the neighbourhood of 1200°. C. 

A commercially successful plant of this type should find extensive use, but it 
would appear doubtful if any appreciable amount of dust (ash and carbon) can be 
settled out from gases which travel at such high velocities ; further, at gas outlet 
temperatures of about 1200° C. the calorific value of the cold gas would be very 
low if complete gasification is achieved. Doubtless the fuel surface exposed in such 
a producer will be very large per unit of fuel actually in the producer, but is the time 
that the fuel is in the producer long enough to effect complete gasification ? This 
question is obviously one that can only be answered by actual results of large scale 
working. 

5. Producers of Large Gasification Capacity 

There is no limit as to tlie size of producer that can be built in one unit, so 
long as a suitable fuel is available and the producer design is arranged accordingly. 
If in the time to come a gas producer of, say, several hundreds of tons daily gasifica- 
tion capacity is required, then it can be built. 

At the present moment of industrial developments, there is no call for “ giant ” 
gas producer units, the. maximum capacity at present required in the trade being 
generally below 50 tons bituminous coal daily throughput, the governing factor 
being mainly the difficulty and expense tO‘be anticipated in operation when such large 
units are shut down for repairs or overhauling. 

The means whereby we can obtain a gas producer of large throughput capacity 
are : — 

(1) High rate of gasification. 

(2) Large gasification area. 

The gasification rate depends both on the fuel nature ahd on the producer type. 

By using large-sized, non-caking, free-burning fuels having a large exposed 
surface available for contact, the gasification rate can be made very high (see pp. 133- 
148, on liquid slag producers, and p. 343 on small traction producers). Fuel of too 
small a grading cannot be efficiently used at high gasification rates, since the dust 
loss may be excessive. 

When employing large gasification areas it is necessary to adopt means whereby 
an even-burning fuel bed is obtained ; the larger the diameter of a circular gas 
producer, the more difficult does it generally become to obtain even burning. For 
a producer rectangular or oblong in cross section there is, on the other hand, not 
likely to be any greater difficulties experienced in gasification if the producer be 
extended only in one direction (see fig, 89). 

The compromise between a circular and long rectangular producer is an annular 
producer with ;nechanical grate, a proposal for which is shown in fig. 222. Appar- 
ently no such producer has yet been built, but as proposed by Messrs. Pintsch, the 
external diameter of the producer shell would be about 10 m., while the 
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internal diameter would be about 4 m., thus leaving an annular width of 3 m. 

(10 ft.) available for gasification. 

Such an arrangement might 
solve the question, but probably 
just as good a solution would be 
a liquid slag producer of great fuel 
depth to decrease the exit tempera- 
ture of the gas, and which is also 
made wider at the top than at the 
base (to decrease dust losses). 


6. Gas Producers of Small 
Gasification Capacity 

A gas jjToducer can, practically 
speaking, be made as small as 
required, generally the limitations in design will be found in the particular pfrrpose 
which the producer has to fulfil. One special example of small gas producers 
is dealt with under traction gas producers. 

Fig. 223 shows a “ Dwarf ” gas pro- 
ducer built by the German firm of Dcutz. 

The producer A is suspended, the body 
casting of the same being cast in one 
with the base of the scrubber B. The 
rotary grate of the producer is hooked 
on to the body and the top grate plate 
can be turned by hand. The height 
from floor level to the top of the feed 
hopper is about 5' 6", so that a man can 
easily feed in the fuel, generally anthra- 
cite. There is no vaporizer, steam being 
only obtained by running water on to 
the grate bars. 

Also the gas scrubber B is made of 
compact design in so far as a vertical 
division plate divides it into two separate 
compartments, each being supplied by its 
own water spray. 

■ Fig. 224 shows a gas producer such 
as is sold by J. Pintsch for disinfection 
purposes. It consists of a small gas pro- 
ducer 4xed in a portable way to a light 
framework of iron tubing. The gas is made by blowing in air from a little hand- 
. blotrer and is cooled by the surrounding air as it travels down some vertical pipes^ . 
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whence it is taken by a hose to the particular point to be disinfected, say for sanitary 
purposes. Producer gas rich in CO in any case is an excellent means for kiUing 
mice, rats, and other vermin, be it on farms or ships. 

Fig. 225 shows a small portable gas power unit such as has lately been put 
upon the market by the National Gas Engine Co. The small plant shown is for 
the use of charcoal, and intended for use in such parts of the Colonies where no coal 
or anthracite is available. 



Fia. 224. — PiNTSCH Portabi.k Disinfection Gas Producbe. 


7. Traction Gas Producers^ 

There is no fuel which is more convenient and suitable for driving the internal 
combustion engines of motor cars, lorries, and tractors than petrol. 

Not only is the cost of this fuel high, but unfortunately, at the present rate of 
development of the use of motor-driven vehicles, it ts likely that the world demand 
will exceed the production, so much so that in the U.S.A. — the main supplier of the 
world’s petrol requirements — serious investigations are being made into the possi- 
bility of developing new sources of oil and petrol supply. 

Most petrol engines are easily adapted to work on producer gas, indeed more 
than one motor car maker in this country test the petrol engines for their cars in 
the shops by producer gas generated in a stationary plant. It is not possible, how- 
ever, to generate the same maximum power by producer gas as by petrol in a petrol 
engine, a decrease of about 15 per cent in the power rating being a usual figure. 

^ Since the preparation of the manuscript the following articles concerning producer gas (Jriven 
tractors have appeared in The Engineer: July 7, 1922, “Thomycroft Lorry*’ ; September 1, 22, 29, 
1922, “ French Suction Gas Lorries and Tractors.” 
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Seeing that the fuel cost in this country per B.H.P. when using producer gas 
from first-class non-volatile fuel is only a very small part of that when using petrol, 
it is obvious that a large saving may be achieved in the running cost of motor 
vehicles if a producer gas plant can be developed, the operating difficulties oi which 
do not counterbalance the decrease in fuel costs. 

The part of the total running costs which is attributable to fuel only becomes 
greater the larger the size of motor, therefore the best opportunity to prove the com- 
mercial success of a producer gas driven motor vehicle would be in cases where the 
engines have a large fuel consumption. Since the addition of a gas producer 

II 



Fig. 226. — National Portable Producer Gas Plant and Engine. 


plant to a motor vehicle means an increase in the total weight, and a decrease in 
the space available on the vehicle, it will also be clear that the more favourable 
opportunity for producer gas competition will be for heavier, larger, and slower- 
moving vehicles, where the addition of the producer gas plant becomes the smallest 
part of the total weight and total storage space. 

For the above two main reasons producer gas driven vehicles have, up to the 
present moment, only been used in connection with the driving of lorries and tractors. 

Although at the moment it cannot be said that producer gas driven vehicles 
are beixjg adopted broadcast, the work of the last few years appears to have brought 
us much closer to finality in design, so much so that we may perhaps look to the' 
rOad«»yehicle as one of the future producer gas consumers. 
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The main considerations to be given to the design of a producer gas plant of 
this type are : — 

(1) Lowest possible weight. 

(2) Smallest possible space. 

As an example of how a successful gas producer plant for driving a motor 
vehicle must differ from that of the ordinary stationary types hitherto described, 
suffice it to mention that if one of the latter, without alteration, were placed on an 
ordinary lorry, there would be no space available for carrying useful load, while the 
weight of the gas plant, fuel, and cooling water storage would probably exceed the 
weight-carrying capacity of the lorry. 

Obviously, therefore, not only the gas producer but also the gas cleaning and 
cooling plant must be designed with the highest degree of working intensity in view. 

The producer must be of a type suitable for high rates of gasification, and since 
the gas production will be governed by the suction stroke of the engine, the resistance 
of the fuel bed must be as small as possible. With this object in view, and also to 
save weight of fuel, the fuel bed is made very shallow, from V to 9'^. To enable the 
reducing reactions of the COg and steam with the carbon to be completed in the 
correspondingly small time available, the temperature of the fuel bed must be 
exceedingly high, which in its turn is effected by a high gasification rate, about 
four times that of ordinary stationary producers. With the latter, ashes are allowed 
to accumulate as the gasification of the carbon i)roceeds, but with some traction 
producers ashes are said to be removed continuously as they are formed, thereby 
preventing clinker formation. 

Possibly to achieve this it is necessary to remove the ashes in a half-burnt 
state, but with a fuel low in ash the thermal loss due to the ashes being, say, half 
carbon and half ash would be no serious detriment to the commercial success of a 
plant of this type. 

It will be clear that for intensely worked gas producer zones it is essential to 
have a brick-lining of very refractory proparty, which also must be thin (to reduce 
weight) ; bauxite, magnesite, carborundum, or similar compounds have been em- 
ployed. A thin lining will not be economical as regards radiation losses, but the 
surface exposed for radiation per unit of coal gasified is comparatively small, and 
even if the total radiation loss were many times that of an ordinary gas producer 
it would have no serious effect upon the total fuel cost saving as compared with petrol. 

To generate economically a producer gas suitable for engine use in an apparatus 
of this type it is essential to use a first-class fuel, which must be low in ash content, 
expose a great surface for gaseous contact, and be of even grading. The fuels so far 
found the best are charcoal, and specially prepared low temperature coke, both 
being often preferred to anthracite in spite of the larger volume required for storing. 

The gas-cleaning plant should be designed mainly to remove dust from the gas 
and to cool the same suitably for use in the engine. Since carrying large quantities 
of water for cooling purposes decreases the net load of the vehicle, air-cooled tubular 
cleaners or evaporative toolers are used, while specially light filters for catching 
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1. Fuel Inlet PIim'. 

2. Adjustable Fin-l Feed and Ash-discliarse Gear. 
‘.i. Fuel Feed Valve. 

Jbf. Friction Drive for Feed Valve. 

3&. Handle for independent Hand Operation of 
Feed Valve. 

(Note that the position «>f the handle iiv^cates 
the location of the feed aperture.) 

4. Ash Di.seharRe Valve. 

4<i. Friction Drive for Ash DischarRC Valve. 

4/>. Handle for Ash Discharge Valve. (Similar to 
tliat on fuel fe<*d valve.) 
r». Water Pump. , 

(5. Main Operating Gear Shaft driven direct from 
Engine. 

7. Totally enclosed and continuously lubricated 

Driving Gear for the Fire-bar Camshafts; 
these also drive tlu; water jmmp, fuel feed 
valve, and ash discharge valve. 

8. Pipe conveying Steam and Air to the underside 

of the Fire. 

9. Air Supply Pipe from interior of .Tacket to 

Vaporiser. 

1 0. Fire-bars, alternate sections pivoted at alternate 

ends, the free ends l>eing vibrated section by 
section and successively by cams on revolving 
shafts. 

1 1 . One of the ( ams for vibrating the Fire-bars. 

12. Diagrammati'' Arrangement ot Producer and 

Scrubber. 



Fia. 22G. — General Arrangement op D. J. Smith’s 
Gas Peodhoeb Plant for Vehicles. 
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the last dust traces are employed. As is well known, producer gas made at high 
gasification rates will contain a large amount of dust, and consequently special 
attention must be paid to the proper elimination of this from the gas. 



the producer continuously tlAs Producer. 

and in the quickest possible , . n i. 

way. This will mean that the fire will be direct on the grate bars, which, there ore, 
may requirt^ replacement more often than if covered in the usual way. 

Before entering the fuel bed, the air is passed round a jacket in the producer 
1 D. J. Smith, “ Producer Gas for Motor Vehicles,” Engineering, January 9, 1920. 
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casing (thus reducing radiation losses somewhat) and thence over the surface ol 
the water in the vaporizer placed at the producer top. A special device is supplied 
whereby the effect of the rolling of the vehicle upon the water level is controlled. 
The water for the vaporizer is supplied by. a pump operated from the main operating 



Fig. 228 .— Gas Sokubbbr foe Smith Traction Gas Plant. 

1 

1. Gas Inlet Branch. 2. Water Outlet Branch. S. Water Inlet Branch. 4. Gas Outlet Branch. 

5. Quickly opened Cleaning Doors. 

The arrows show the direction of flow of the gas. The water circulates upwards 
past the first down-tube. 

cranks. The speed of fuel and water feed is altered in accordance with the opening 
of the engine thrdttle. ‘ . 

Fig. 228 shows the gas-scrubbing device used for this plant. The gas from the 
producer enters at (1), passes in a downward direction through a large water-cooled 
tube, at the base of which a dust-settling pocket is provided. The gas leaves the 
dust-setmng chamber by an annular passage to travel up and down a series of ^mall 
aii^co^ed tubes, and thence upwards through two or more tubes of larger diameter. 
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which are fitted with easily removable fine gauze filters for arresting the dust. At 
(4) the gas leaves for the engine, or if further dust removal is necessary, it first passes 
through a water seal. The dust caught in the plant should be removed or washed 
out cv^ry day and the gauze filters shaken, clean.. 

Figs. 229 to 232 show the Parker gas producer plant as used for traction 
purposL.^ This plant consists of gas producer, dust extraction cooler, and packed 

gas scrubber. * . . , mi. a 

Fig. 229 is a photograph of a 3-ton lorry fitted wi^ lihis plant. The producer, 

which is circular in cross-section and provided with a large somewhat taper fuel 
hopper (square in cross-section), is placed on the side of the front part of the chassis. 



Fig. 229. — 3-ton Motor Lorry with Parker Gas Producer 


thus being within easy reach of the driver. The gas cooler and the scrubber are 
placed in a horizontal position on each side of the framework behind the driver’s seat. 

Fig. 230 shows the gas producer in moi-e detail. Below the fuel storage hopper 
is a flat rectangular gas-collecting chamber containing a perforated conical plate, 
which prevents the fuel entering the gas-collecting box. The brick -lining, which 
is said to be made of a special chrome composition, is fitted inside a steel causing 
suspended from the top, thus facilitating easy replacement of the lining ; the depth 
of the base is about 16'’, and the mean internal diameter llj’’. The annular space 
left between the detachable firebox and the main producer casing is used for pre- 
heating the air previous to its entry into the fuel bed. 

The grate is of the flat bar type, made of special cast-steel alloy, and arranged 
to swing round a pivot so that it can quickly be dropped down to the position in- 
dicated in dotted lines, thereby enabling the fire to be raked out. 

The grate is provided with an annular water trough, which serves as a vaporizer. 
To prevent a^hes falling into the trough, a loose T-shaped cover ring is provided. 


Engineeringt 17» 11 ^ 21 . 
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To Air . 
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The water level in the trough is maintained constant by a feed regulator of the 
float type. 

It will be seen that no mechanical fuel-charging or ash-discharging means are 
provided, nor is the vaporizer apparently of large capacity. In the working of 
the producer the vibrations and jolting of the lorry are relied upon to ensure regular 
feeding of the fuel and to keep the fuel bed compact and solid. 

The capacity of the standard fuel hopper corresponds approximately to a 
twenty-five to thirty-mile run, but the fuel storage can be made much larger by also 
making use of the space below the driver’s seat for the full width of the carriage. 

The producer is started up with a hand fan, the fire being ready for use in 
about fifteen minutes after lighting up. 

Fig. 231 shows the primary dry gas cooler and dust separator, in which the 



cooling of the gas is effected by a number of air-cooled tubes, the openings in which 
face forwards and through which cold air is drawn by an ejector worked by the 
exhaust gases from the engine. The upper part of the cooler consists of two con- 
centric shells, partly cylindrical, in the space betw^een which the gas to the engine 
travels in a downward direction. The outer shell iS extended downwards to form a 
wedge-shaped dust-collecting pocket, while the inner shell is open at its lower end, thus 
allowing the gas to pass in an upward direction between the tubes before leaving at 
the outlet branch at the top. The deposited dust is scraped out every day through 
the plug holes at the lower end of the cooler. 

Fig. 232 shows the design of the scrubber. Like the cooler it consists of 
two concentric shells between which the incoming gas is passed. The lower 
edges of the internal shell are serrated and slightly luted in the water at the 
bottom of the scrubber. At the lower end of the internal shell two angles 
(facing inwards) are fixed. These serve to carry a perforated grid upon which 
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is placed a layer of pebbles (about Y diam.), the surface of which becomes wetted 
with the upward-flowing gas, thus scrubbing the latter. The depth of pebbles 
generally employed is about 4:" (not as per drawing). To enable renewal or 
cleaning of the pebbles, the one end plate of the scrubber is arranged for 
easy removal. 

The guaranteed fuel consumption for a 3-ton lorry with 45 B.H.P. motor is 
said to be 3 lbs. of coke per mile of a 100-mile journey. The reduction in power 
of an ordinary petrol engine using this producer gas is about 15 per cent. About 
20 gallons of water is needed for one week’s running, and this can generally be stored 
in the ordinary petrol tank. 

The weight of the producer is about 4| cwts., so that with tlie 300 lbs. of fuel 
storage (for a 100-mile journey) the additional weight of about 800 lbs. represents 
less than 5 per cent of the gross weight. 


8. Marine Gas Producers 

The use of the internal combustion engine, of either the heavy oil and Diesel 
type or of the parafiin and petrol type, for ship propulsion lias been so firmly 
established during the last fifteen years that there can be no doubt as to the internal 
combustion engine being capable of fulfilling the requirements that are particular 
to marine service. Nevertheless gas engines are to be found only in few ships, 
which is to some extent attributable to the failure of the gas producer plants that 
were fitted in the earlier types of gas engine driven ships. 

The advantages that a motor-driven ship possesses over a steam-driven ship 
of the same power are mainly : — 

(1) Less engine space and total weight. (No boiler.) 

(2) Less heat consumption per B.H.P. 

(3) Less space ^or fuel storage. 

(4) Less labour. 

All of these advantages are attached to a producer gas driven ship, although 
not in so high a degree, but on the other hand, the fuel cost per B.H.P. is likely to 
be less with producer gas than it is for either a steam- or oil-driven vessel. 

A steam boiler will raise steafn from most fuels, and so long as these do not vary 
considerably in heating value the steaming capacity required is not seriously reduced 
when coals from varying parts of the world are used. Similar remarks can be 
made in regard to the output of oil engines on fuel oil from all parts of the world. 

A gas producer cannot, as we have seen, give the same output and gas quality 
independent of the fuel used, and even if a gas producer plant were so amply 
dimensioned as to give the maximum output required with a fuel generally considered 
unsuitable, it is clear that each time a different class of fuel were “ coaled,” at a 
certain harbour, the producer would have to be operated in a different way, thus 
necessitating the use of a very skilled gas producer expert instead of an ordinary 
stoker^ if engine difficulties are to be avoided. With the present system of supplying - 
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coal for ships, a marine gas producer installation is therefore not likelv to become 
a success for ocean-going vessels. 

On the other hand, tugs, river and lake steamers, or short-route vessels which 
can be assured of a reasonably regular quality of fuel supply should present a field 
where the use of producer gas for propulsion is entirely justifiable—indeed in some 
cases where producer gas has been used abroad for driving vessels of this class the 
installations have proved entirely successful. 

At the present state of development of gas engine design, no vertical gas engine 
larger than 1500 B.H.P. has proved a commercial success on land service, hence at 
the moment, the size and speed of ship suitable for producer gas propulsion is 



Fig. 233. — Capitaine’s Gas Engine Launch. 


limited. Whether such a limitation will apply to gas-driven ships of the future is 
to some extent dependent upon the commercial sut;cess of the gas turbine, or some 
other gas motor difiering in design principles from the present vertical multi- 
cylinder gas engine. 

So far, anthracite has been the only fuel successfully employed in marine gas 
plants, but with proper modifications of the gas-cleaning plant there is no reason 
why a vessel using a suitable bituminous coal should not be just as satisfactory in 
operation. 

Whereas with a gas producer plant installed on land the water supply for 
cooling and cleaning purposes is sometimes .limited in quantity for economic reasons, 
no such considerations apply to a ship. On the other hand, the possible cowosive 
action of the sea water must be borne in mind when designing the plant. Further, 
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since any water used to give steam for the gas producer is not condensed again, 
the vaporizing systems for marine gas producers require special consideration. 

The first marine gas producer plant working under commercial conditions 
was that developed by Herr E. Capitaine about twenty years ago. A photograph 
(reproduced) of an 80 H.P. engine and gas producer of this type as installed in a 
German river launch is shown in fig. 233. 

In this country, Messrs. Wm. Beardmore, Glasgow, Messrs. J. Thornycroft, 



London, and Messrs. Holzapfel, Newcastle,^ did further pioneer work during the 
following ten years, but the gas motor ships of recent date appear to have been 
extensively built only by Dutch and American firms. 

Fig. 234 shows a diagram of the marine gas producer plant made by Maschine- 
fabrik Drakenburgh, Utrecht,^ who have fitted boats up to 700 tons with gas 

^ Qm Power for Ships* Propvlsionf A. C. Holzapfel, Inst. Naval Arch., 1912. 

* De Inaenieur, February 24, 1917. 
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producer plants. The producer is of the water- jacketed vaporizer type, water being 
arranged to flow con- 
tinuously through the 
vaporizer, so that only 
a certain amount is 
evaporated ; in this 
way the concentration 
of salts in the sea 
water in the jacket 
does not become high 
enough to cause 
serious incrustations. 

The lower part 
of the vaporizer is 
made from cast steel 
and provided with 
cleaning lioles, while 
the upper partis made 
of mild steel plates. 

In a more recent 
design the angle joint * 
between the two 
erasing materials is 
eliminated, due prob- 
ably to leakage 
troubles, while the air 
for the gasification is 
passed over the water 
surface before being ! 
admitted to the grate. ' 

A constant level de- 
vice of the float type 
is fitted to the water 
jacket while the spent 
water overflows at the 
base into tank B, and 
from there overboard. 

The cleaning of 
the gas is effected in 
a wet coke scrubber 
similar to those de- Pia. 235. — ^Arrangemeijt op Galusha Producer in a Boat, 
scribed in 4gs. 264 

and 270. Before being supplied to the engine the gas passes through a drier of 
usual type and a three-way cock whereby the gas from the plant can be supplied 
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under suction to either the engine or a fan. The object of the latter is to maintain 
a reasonable rate of gasification in the producer during “ stop ” periods of the 
engine (say. when the ship is waiting at a river or harbour lock) so that the pro- 
ducer may be capable of immediate response to “ full speed ’’ demands. The, power 
for this fan may be supplied by a small petrol engine, which also provides power for 
the purposes usually served by a “ donkey ” engine. 

The Galusha gas producer, built by the Gas Producer and Engineering Corpora- 
tion, New York, has also been extensively used for marine purposes. Fig. 235 
shows a typical arrangement of this plant in a boat, while fig. 236 shows a 500-ton 
gas motor ship. 

The floor round the producer is made of steel or concrete to eliminate danger 
from fire, and proper means should be provided for ventilating the space above tlie 
producer, to ensure removal of any escaping gases. To prevent dust and ashes from 
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Fiu. 236.- -500-ton Gas Motor Ship (Galusha Producer). 



getting into the engine-room the producer is advantageously separated from the 
same by a bulkhead. On this account a suction gas plant is generally a better type 
for marine purposes than a pressure plant. 

The system of vaporizing by means of engine exhaust gases, described in 
reference to fig. 171, is one which lends itself well to the use of sea water, due to 
scaling troubles being lessened. Similarly the Galusha gas-cooling system, shown 
in figs. 273 and 274, gives an example as to how the gas cooler can be decreased in 
size when the cooling water supply is ample. 

{K) ARRANGEMENT OF GAS PRODUCERS 

The aiTangement of gas producers in relation to one another and to their 
auxihai^r plant, such as dust separators, gas valves and mains, coal and ash storage 
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and handling plant or producer house varies with practically every installation 
^d the particular importance a user places upon his producer installation. 

The separation of dust, and design of gas mains and valves being dealt with 
under the heading of “ Gas Cleaning,” Chapter V., we shall in this section mainly 
deal with the arrangement of the plant in regard to coal and ash handling or storage, 
although the particular methods employed for housing the producers, etc., and the 
designs of gas mains, will be mentioned as each fuel and ash-handling arrangement 
is described. 

Fig. 237 shows the simplest arrangement of fuel storage possible, viz. in the 
corner of a gas-engine power house. The engine man will carry up the anthracite 



Fiti 237 ---Suction Gas Plant and Enoink (National). 


ill buckets to the producer hopper when required, while ashes will be raked out from 
the producer and carried away from the house in buckets, or wheeled away in a 
barrow. 

A similar arrangement will be found quite satisfactory for many plants of 
small cajiacity, w^hether the producer plant is placed inside a building or not. 

The degree in which the producer plant operator should be protected against 
the weather is to some extent a question of the climatic conditions. Thus in 
tropical climates it is absolutely essential to protect the men against the effect of 
the sun’s rays, whilst in countries with hard winter climates snowstorms may prevent 
any man from working at all. In this country many large gas producer plants 
exist in which no protection whatever is made for the men against the weather. 
Apart from the humane point of view, a man will pay more attention to his duties 
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if unafEected by rain, snow, or wind. The loss which a user may sustain by neglectful 
working of a plant may be many times larger than that caused by the coal getting 
wet by rain, the prevention of which is generally efficiently attended to in most 
works. 

Fig. 238 shows an installation of crucible furnaces which are semi-gas-fired, 
the producer hoppers (on the left) being placed at the floor level. Whenever required 
the furnace man can shovd coal into the hopper from the heap on the floor. An 
arrangement such as this has the advantage that both producer and furnace are 



Fia. 238 .— Semi-oas-fired Crucible Furnaces (Hermansen). 


under supervision and operated by the same man. The ashes from the producer 
are removed in the basement of the furnace building, where also the cleaning of the 
furnace recuperators takes place. 

The principle of storing coal on the floor at the hopper level is by no, means 
confined to such small producer units as are generally used on semi-gas-fired furnaces. 
Wherever a suitable good-class coal is used in large producers, so that neither ash 
removal nor. poking requires too much of the producer man’s attention, he will be 
able shovel the coal into the producer hopper. Formerly, when it was far more 
customary to allow ’One man for operating each static producer than nowaday^ 
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the coal storage was arranged on an extension of the producer platform, the plates 
being suitably strengthened and supported to take this additional weight. 

Fig. 239 shows such an arrangement (see also fig. 56). The coal is brought in 
trucks alongside the producer row, and thrown by hand, or raked, on to the coal 
platform, which is surrounded by a steel fence plating to retain the coal. A section 
of this fence is removed when the coal is raked in. To avoid the double handling 
of coal from truck to platform, and platform to hopper, the coal track may be placed 
in an elevated position or on stanchions and girders directly above the coal platform, 
thus enabling the coal to be dumped directly from the truck on to the latter. 

For a battery of producers neither of such arrangements can be looked upon 
as an economical one from the point of view of operating costs. On the other hand. 



for plants containing one or two units, it is possible that platform storage of coal 
may form an economical procedure, depending upon the class of coal, amount of 
storage to be provided for, works transport arrangem’ents, etc. 

Fig. 239 further shows the producer sunk into a pic, from which the ashes with- 
drawn will have to be hoisted up from time to time, the reason for this arrangement 
generally being to maintain the track for coal and ash handling at ground level 
and to enable the underground gas flue to be easily cleaned. Cleaning doors are 
provided at ground level for the horizontal gas outlet pipe, and at the underground 
ashing level for the flue, soot and dust generally being removed through these every 
week end. 

The producers and coal storage are protected against the effect of the weather 
by a steel-framed roof structure which must be provided with good ventilation 
means to enable the escape of gas leaking from poking holes, mains, etc. 
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Fig. 241 .— Rotary Charging Bunker for Multiple Feed (Pintsch). 


Fig. 240 shows how the matter of fuel storage is dealt with in a sawmill whetc 
the gas producer plant is worked on the mill refuse ; the latter being often shovelled 
. into sacks and these" emptied into the charging hopper. 
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The fuel charged into each producer may be supplied from an overhead travelling 
skip (see figs. 113 and 150) of a storage capacity equivalent to a hopper charge ; 
when several producers are in use this requires a continuous travelling backwards 
and forwards of charging 
skips. 

Fig. 241 shows a 
method adopted in the case 
of charging a producer 
having a number of feed 
ho])pcrs. A suj)port carry- 
ing a pivot is placed 
centrally on the producer 
top. A sector frame car- 
ried in the centre from the 
pivot and at its outer two 
ends from columns sup- 
ported on readers running 
on a circular track at the 
outer edge of the [)r()ducer 
is arranged to receive a 
small coal storage bunTcer, 
which is filled from time to 
time at the elevator. By 
turning round the sector 
frame on its roller su])- 
ports coal can be charged 
consecutively from the 
large hopper into each 
of the smaller feeding 
hoppers. 

Figs. 242a and 242?^ ^ 
show how a large battery of 
producers may be charged 
from a coal truck of several 
tons capacity, which is 
arranged to travel on a 
rail laid on the crown of 
the producers and on the 
platform ; the coal is dis- 
charged from the car into 
the hoppers from an inclined shoot, which is lifted into horizontal position when 
the hopper is full. Whenever empty the car is run under a large fuel storage 
hopper (at the end of the battery) to be refilled. * 

^ Latta American Producer Qas Practice^ Van Norstrand, 1910. 



Fiq. 2426. 

Figs. 242a and 2426.— TiiAVErxiNO Coal-charging 
Truck (Latta). 
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The advantage of a travelling fuel-charging device is mainly to he found in 
the fact that one large fuel storage hopper is always cheaper in first cost than a 
number of smaller ones of the same total storage capacity ; furthermore, the extra 
cost of a producer house where each producer has its own separate bunker represents 
a 'considerable item against a ])roducer house with a low roof. 

Whenever a mechanical feeding device is provided with the producer it is, 
however, essential to have an overhead storage supply, consequently we may look 
upon travelling coal-charging de\ncea as confined to producers with static fuel feed. 

To obviate the necessity of handling 
the coal by mechanical means during 
more than a short time out of the 
total working period most producers 
have been fitted with overhead storage 
hoppers of a capacity corresponding 
to the load on the producer, and the 
facility possessed by any particular 
works for coal handling at various 
times of the day or week. From 
these storage hoppers the coal can be 
fed by gravity into the fuel-feeding 
devices as required by the producer. 
The coal is raised from railway truck 
level into the bunker by elevating 
mechanisms, such as skip hoists, 
bucket elevators, mechanical grabs, 
etc., the capacities of which are often 
based upon handling the whole of the 
maximum coal requirements of the 
producer gas plant in not more than 
one-third of the total working time. 
The storage capacity of the coal bun- 
kers should thus never be less than 
sixteen •hours for continuous opera- 
tion, and generally more than this 
to allow for breakdown, repairs, etc. 

The cheapest shape of bunker for a given storage capacity is the circular 
type, when a separate bunker is required for each producer, and the parabolic 
suspension type, when a continuous storage is supplied. Many bunkers are, 
however, made rectangular in section with pyramidal bottoms to conform with 
the angle of repose of the coal, thus eliminating the dead ** storage spaces 
existi^ between each producer feeding spout on a bunker of the continuous 
t3rpe. It should not be overlooked, however, that whenever flat plates are used 
in jtorage bunker designs special stiffening means are often required to pre- * 
‘^^t bulging of the plates. The stresses in circular or parabolic shaped j 



Fig. 243. —Pboducer with Over^jiad Circular 
Storage Bunker (Power Gas Corporation) 


GAS PRODUCER TYPES 


359 


are, however, pure tensile stresses, thus eliminating bulging possibilities and 
enabling the minimum plate-thickness (about i") to be adopted for the design. 

Fig. 243 shows a pro- 
ducer with overhead bunker 
of the circular type having 
a conical bottom and feeding 
spout to the producer hopper. 

The bunker is carried on three 
supports fixed to brackets on 
the producer shell, while the 
top is provided with a frame- 
work for supporting the head 
of the bucket elevator. A 
circular weather screen, sus- 
pended from the bunker top, 
protects the producer man 
against rain or sun rays (especi- 
ally in the tropics). The pro- 
ducer shown is one of deep 
fuel depth, hence a large space 
is provided between the plat- 
form and the bunker, to give 
plenty of room for handling 
pokers. 

Fig. 244 shows a coal 
storage bunker of the para- 
bolic suspension type. To 
prevent wear of the coal on 
the bunker steel plates these 
are rendered with about 2" 
thickness of concrete. The 
coal distribution over the 
whole bunker length is effected 
by a band conveyer. 

The operating platform 
of the producer is carried 
partly from the framework 
and partly from the producer 
casing. This procedure is 
quite satisfactory for pro- 
ducers of low fuel depth, while 
due to the difference in level possibly obtained for producers of deep fuel depth 
(due to heat expansion of casing in an upward direction) the platforms fo» the 
latter are best carried entirely from the producer casing, as shown in fig. 243. 



Sand 

Damper 


Fig. 244. — Produceii House with Parabolic Coal 
Storage Bunker (Hagan). 
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The gas leaving the producer is taken in an upward direction to an overhead 
gas main, from which it may be separated by the sand damper plate. Cleaning 
doors are provided for the horizontal pipes, while a dust outlet is provided 
on the vertical upcomer pipe. 

Fig. 245 shows another producer house arrangement in which the continuous 



Fig. 245.— Coal and Ash Handling Plant for Static Producers (Hagan). 


fuel storage bunker is made of flat plates stiffened to resist bulging stresses. 
The arrangement of supporting the head of the bucket elevator from the end 
bay of the producer house structure should be observed. Since the driving of the 
bucket ^hain takes place from the elevator head the design should be such as to 
resist properly the vibrations during working. The elevator base is placed in a 
nit afya considerable depth below ground level, thus enabling space to be obtain^ 
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for an underground hopper, into which the coal is discharged from railway trucks, 
and for a shaking type of coal feed and a set of coal-crusliing rolls which reduce 
any large pieces of coal to a size (say, 3" maximum) more suitable for carrying in 
the elevator buckets and for gasification in the producers. On some plants a 
heavy screen is supplied which catches any large pieces of coal, which may be 



Fio 247. — Battery of Mechanical Grate Producers (Poetteb). 


broken up by a hammer. Neither crushers nor screen are required in case a nut or 
slack quality of fuel supply can always be relied upon. 

On ^ each line along the producer battery is run a track for small bogies for 
handling ash and dust. 

Jig. 246 shows a high duty gas producer having a coal storage plant made frOrp 


GAS PRODUCER TYPES 


868 


reinforced concrete. The overhead bunker, of very large capacity, is circular in 
cross section, with conical bottom, and carried from concrete columns, the spaces 
between which are filled out with brick panels having windows and ventilating 
means. The operating platform is partly made from reinforced concrete, this 
platform serving as a brace for the bunker -columns. 

The elevator and coal-handling means are very similar to those of fig. 245. 

Directly the gas leaves the producer it is expanded into a large chamber, 



Fia. 248. — Battery op Mechanical Grate Producers (Thyssen). 

thus causing dust to settle out, which is removed at week ends from the leg of the 
dust separator. 

Fig. 247 is a photograph of a battery of mechanical grate gas producers. 
Each producer is supplied with a separate flat plate coal storage hopper which is 
mainly supported from the roof trusses. The coal is distributed into the various 
bunkers by a scraper or spiral conveyer. The dust-separating boxes and the hot 
gas main are contained inside the producer house, which is a steel-framed building, 
brick-panelled with clear openings at the base, and at the top of the walls. The 
shafting for. driving the grates is overhead, crude access to the bearings being 
given by a few planks. 

In fig. 248 the coal handling is shown to be effected by means of a crane and 
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grab. The track for the railway trucks is laid alongside the producer battery inside 
the house, while the hot gas main and valves are outside. 

The ash bogie track also runs along the producer battery, a turn-table being 
arranged at each producer, so that a bogie can be })ushed so close towards the ash 
bowl that the ashes can be discharged therefrom by gravity. 

Fig. 249 shows another mechanical producer battery in which both coal and 
ashes are handled by the same grabbing crane. Railway trucks are run through 



Fig. 249.--BATTERY of Mechanical Grate Producers (Ehrhardt & Sehmer). 

the producer house and the coal emptied into a large underground storage, from 
which it is elevated by the grab to overhead hoppers. 

An arrangement of bunkers such as is shown in this figure cannot be recom- 
mended for a static coal feed and fuel of uneven grading, since in running do\Mi the 
inclined spout from the bunker to the hopper, coal trimming will take place. 
The right-hand side of the producer will obtain the larger pieces of fuel, and the fuel 
b^d resistance will consequently be uneven. 

A continuoiis ash track is run below ground level, thus enabling the ashes to 
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be discharged directly from the ash bowl into the small bogies, which may be arranged 
for side tipping at one end of the battery into an underground ash bunker similar 
to the coal bunker, from which the grabbing crane discharges the ashes into railway 
trucks. 

Instead of handling the ashes in bogies, arrangements of ash conveyers of the 
scraper type are sometimes adopted, or the ashes may be washed away by water 
running in a trough alongside the producers. 

The particular design of gas downcomer pipe is one which is not likely to be 
blocked up by dust, which will mainly deposit in the underground gas flue. 

Fig. 250 serves as an example of the arrangement of a very large producer gas 
installation. 

The design shown refers to a plant consisting of thirty-six Morgan producer gas 
machines (hg. 143), used in connection with twelve 100-ton open hearth furnaces. 
Half of- the plant is shown on this drawing, it being symmetrical about the centre 
line. At the top in plan are six of the open hearth furnaces and eighteen machines 
in three houses of six each. Between each producer house is a ground storage bin, 
holding 600 tons of coal, giving storage on the ground of 3000 tons. In addition 
to this there is a 40-ton bin over each producer, making a total storage of 4440 tons. 
This plant, when all the furnaces are operating, wiU consume thirty tons of coal per 
hour, so that there is approximately a six-days’ storage ca])acity. 

Coal is delivered on the track next to the gas producer h&use, and dumped into 
track hoppers, from which it goes through crushers and is deposited at the end of 
the storage bins. (See section A-A.) The ashes are taken away on the outer track. 

Coal is charged to the bins over the producers by grab bucket cranes (section 
B-B) running on tracks extending the full length of the plant. These grab buckets 
take the coal after it has been crushed and deliver it to the bins over the producers 
or to the storage bins. They also reclaim the coal from the ground storage when 
more is being consumed in the producers than is being delivered to the works. 

The gas offtake pipe "from each producer is 48'" diameter, with 4|" thick fire- 
brick lining, i.e, 3' 3" inside bricks. The main gas pipe is 6' diameter and provided 
with gates at the bottom, discharging the dust and soot into a trough running the 
full length of the building. The ashes are also spouted into tnis same trough, where 
they mix with the soot and are both handled with a grab bucket telpher. This 
delivers them by means of an inclined skip hoist to a large ash storage bin over 
the ash track. (Section C-C.) 

A partition extends from the top of the coal bin above the gas outlet side of 
the producer, while the roof truss with ventilators above also carries a partition. 
These partitions form a flue which draws any gas fumes, escaping from the producer, 
out of the building. The space on the other side of the overhead bin is sealed, to 
prevent a downward current of air, which would fill the operating floor with gas 
fumes. 



CHAPTER V 


GAS CLEANING AND COOLING PLANT TYPES 

As it leaves the outlet branch on the gas producer the gas is hot and contains as 
impurities tar, soot, dust, moisture, and (if of the by-product type) also ammonia. 
For many purposes such a hot crude gas cannot be used efficiently, because the 
impurities in the gas would interfere with the operating results of the machine or 
plant using the gas. Thus we see that the purpose of the gas, or the use to which 
it is put, will decide whether cooling and cleaning are required. 

Further, the gas may contain valuable by-products which are to be recovered, 
and since this cannot be efficiently carried out unless the gas be cooled, by-product 
recovery plants always- supply cold gas. 

When gasifying moist fuels the crude gas may be so heavily laden with moisture 
that if the gas w^ere burnt in its crude state it would generate less heat in a furnace 
than if it were previously cooled and the moisture condensed out : the reason being 
that the said moisture represents an inert, gas of large specific heat which will decrease 
the temperature of combustion and thus lower the furnace efficiency. 

These are some of the main reasons for cooling and cleaning producer gas, but 
whether the gas be consumed in its hot raw state or not, it must (except in the case 
of semi -gas-fired furnaces) be conveyed from the producer to either the furnace or 
the cleaning plant. Previous to devscribing in detail the various plant designs 
employed for cooling and cleaning the gas, \ve shall touch upon some of the means 
for handling the hot crude gas as it issues from the producer. 


GAS MAINS 

If the gas is to be conveyed directly to a furnace for burning, its setisible heat 
should be conserved as much as possible, hence all such gas mains should be lined 
with firebrick. Although, if the gas is to be cooled, the sensible heat content is a 
factor of no importance, the gas sometimes leaves the producer at such a high 
temperature that the mains require lining to protect the metal against the heat. 

Since a drop in temperature of 50° C. of the gases leaving the producer means 
that one ton of coal is lost per 100 tons gasified, the brick-lining and heat protection 
of a hot gas main is not a matter which should be classified as of secondary im- 
portance. It is not unusual to find works in which the protection of steam supply 
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pipes for the gas producer against radiation loss is carefully attended to, nor to find 
that bonuses are paid to gas producer men if the carbon content of the ash is kept 
low, yet even in such works an inefficient lay-out of, or the provision of inadequate 
lining for, the hot gas mains might be the cause of a larger thermal loss. 

As a general rule it should be said that the brick-lining of a hot gas steel pipe 
should never be less than 4J'', and the pipe should be sup})orted at frequent intervals 
to prevent deflection. For gas to be supplied cool a 2" to 3" thick lining will, how- 
ever, be quite satisfactory. 

In many works it is possible to conduct the gas from the producer plant to the 
furnaces in underground brick-flues, thus avoiding the exposure of the surface of the 
gas conduit to the atmosphere. Sometimes the underground flues are nob as 
accessible for cleaning as the overhead mains, although this is by no means always 
the rule. Per unit of flue area an underground brick flue is cheaper to build than 

an overhead steel one. But in swampy 
or water-logged soils overhead mains are 
yneferable, not only because the gas is 
cooled by the moisture it would thus'‘I)ick 
up in an underground main, but also 
because the water may trap the gas. 

Fig. 251 shows by way of examy)le an 
underground flue 3' wide by 4' 6" deep, 
with arched crown. It consists of 4-|" 
thick firebrick sides and crown and 3" 
thick firebrick base surrounded with red 
brick, the walls being 9" thick, the crown 
and base 4J" and 3" respectively. The 
rise of the arch may suitably be 1 in 8 or 
1 in 10. The flue bricks should rest on a* 

Fro. 251.-Ui(0ER0«0UND’t;AS Flue. concrete slab, while the red brick walls 

and crown should be plastered with cement 
mortar to keep out moisture as far as possible. 

The sizes of hot gas pipes and flues vary considerably according to the type of 
plant. The limiting factors are first cost, possible cleaning provisions, and the 
pressure it is permissible to lose by the gas flow. 

For instance, some mains and flues can only be opened up for cleaning every 
week end, and consequently they must be amply large so that space is left for the 
soot and dust to deposit without causing an undue pressure loss. 

In some works the gas has to travel through very long flues, which must be 
of ample size if a high gas pressure on the producer top is to be avoided. (When 
using steam jet blowers for supplying the air blast the steam quantity always 
increases with the pressute and thus the gas may contain more hydrogen the higher 
the gasepressure.) Furthermore, from the point of view of leakage losses, the crude 
gas pressure should always be maintained as low as possible. 

^For suction gas plants worked ofl the gas engine it is of importance to maintain 
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the gas pressure loss as small as possible, while for a power-blown producer it does 
not matter so much if a reasonable pressure loss does exist in the gas mains. 

Again, if dust is to be settled out from the gas in its hot state, it should travel 
at a low velocity, which, on the other hand, favours radiation loss, due to the 
increased time factor. 

An underground brick gas flue should generally allow for a maximum gas 
velocity of 8 to 10 ft. per second, or, say, 15 to 12 sq. ft. of area per ton of good 
bituminous coal gasified per hour. No gas flue should, however, be so small that 
a man cannot creep through it ; the minimum size is thus about V wide by 
r G'' deep. 

The hot gas pipes on a suction gas plant are 
often dimensioned on a gas velocity of 15 ft. per 
second. 

The gas outlet pipes and valves on some of 
the mechanically poked American gas producers 
of high duty have gas velocities of over 20 ft. 
per second. 

The gas velocity in the hot gas pipes and 
siij)er-hcaters of by-product recovery gas plants is 
oi the order of 30 to 40 ft. per second. 

Tlic velocities mentioned above are actual 
velocities (not “ theoretical ” velocities reduced 
to N.T.P.). The following calculation will show 252 ._SAsu- 9 EALr.;> l>isc Valve. 
the difference : — 

Let the gas volume (N.T.P.) produced per kg. coal be 3*5 cub. m. (5G cub. ft. 
per lb.), while the crude gas contains 50 gr. of moisture per cub. m. ; then the volume 
at GOO^" C. (lir2''F.) is calculated, as follows (the small volume of the tar vapours 
being eliminated). 

Volume of gas at 0° C. and 760 mm. Hg. . . . = 3-5 cub. m. 

Dewpoint of gas . , . ! . . . = 36° C. 

Volume of gas and moisture at 36° C. and 760 mm. Hg., 

(sec Table 67) 1*2023 x 3-5 = 4*21 cub. ra. 

Volume of crude gas at 600° C. : 4*21 x ‘^^^•^4*21 x — ^ = 11*9 cub. m. 

^ 36 + 273 309 

i.e, the hot crude gas occupies at 600° C. a volume 3*4 times as large as that of the 
gas if cooled to 0° C, 

GAS VALVES, EXPLOSION DOORS, AND DAMPERS 

It should be possible to isolate each gas producer from the hot gas main ; the 
valves used for this purpose are either of the mushroom (disc) type, figs. 252-254, 
or of the flat plate (damper) type (figs. 256-258). 

Fig. 252 shows a sand-sealed disc valve. A flat ribbed hematite iron or cast 





end of the valve casing is extended sufficiently to remove completely the disc out 
of direct contact with the hot gases which flow through when the valve is open. 

The valve rod is provided with a stufiing box at the top which may be empty 
(when dealing with bituminous coal), or packed with asbestos rope (when dealing 
witheless volatile fuels). The rope for opening the valve is taken pver a* pulley 
at the top, the weight of the valve being balanced by counterweights or the rope 
pafi^d over a winding barrel. 
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Fig. 254 shows a photograph of a mushroom valve which is opened by rack 



Fig. 255. — Explosion Door. 


and pinion, the latter being revolved by a chain and chain wheel. The valve may 
also be opened directly by a hand wheePand external screw such as are used on many 
clean gas valves. 

Explosion doors are provided on most hot 
gas valves since they serve as hand holes, but 
it is advantageous also to fix the^e on hot gas 
mains and flues. The object of these doors is 
to give quick relief in case of explosions, which 
sometimes take place on hot gas plants wh^re 
the flues and mains are burnt out every week 
end. They generally consist of a cast-iron 
frame fixed to the main, or to the valve, the 
frame having a machined seat for a hinged 
door, which is pressed on to the seat by means 
of weights or a weak cast-iron pin ; to ensure 
absolute tightness most door seats are sur- 
rounded with a ledge to enable the plastering 
on of wet clay. Fio. 256. — Sand Damper (Horizontal). 

Relief against explosions in clean gas piping 
may be effected by substituting one or more of the iron or steel blank flanges 
by a thin lea^ plate or by an explosion door with a scraped seat such as is shown 
in fig. 255. ; 

Fig. 256 shows a very simple and cheap type of horizontal damper which is 
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often used to separate the downcomer pipe of a producer from the underground 
flue. It consists of a cast frame bolted to the steel casing of the pipe and provided 
with an opening for admitting a cast-iron or steel damper plate. When inserted 
the damper is maintained tight by sand, which may be shovelled up into the pipe 
through a door above the damper and spread over the latter, particularly at the 

edges. r 1 j 14 - 

To avoid the effect of the heat of the gas upon the shape of the damper plate 



the Wellman Company provide an asbestos plate for their gas producer isolating 

valves (fig. 257). . • u j 

This damper, which is of the vertical type, consists of a steel casting bolted 

to the two gas pipe sections. On the inside of this casting is a machined valve 
seat, while the top and bottom are full width openings with covers which are 
hinged^at the top to permit the insertion of the steel reinforced asbestos plate, and 
at the bottom to e’fiect easy removal of tar, dust, etc. By means of four large 
keys' the asbestos plate may be wedged firmly against the machined seat, thua, 
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forming a gas-tight joint. Leakage to the outside is prevented by sealing the 
top and bottom cover plates with clay. 

Fig. 258 shows the quadrant type of plate valve, such as is used on the Mond 
gas plant at Tipton, South Staffs.^ It consists of two strongly ribbed castings bolted 
to each section of the 5' Q" diameter steel pipes to be separated. To reduce the size 
of valve plate used, the castings are made taper so that the gas in passing is con- 
secutively contracted and expanded. The quadrant valve plate is hinged on a 
stout steel shaft while the circular edge carries a toothed rack to be operated by 
two sets of chain wheels rotating pinions geared to the rack. The plate is pierced 
with a hole of the required diameter which can be brought to coincide with the opening 



of the pipe, while by rotating the quadrant plate tjie solid plate portion closes the 
valve. 

When such a valve is to be operated the two sections of body castings are forced 
apart by the aid of strong set screws, while the plate is scraped clean from carbon 
or tar deposits from poking holes, thereby making the plate so free that it can be 
moved to its new position. When moved the set screws are again slackened and 
the body castings tightened together against the plate, dove-tail shaped asbestos 
ring insertions existing in the opposite faces of the castings. 

Although somewhat cumbersome in design, this type of valve will keep tight 
against gas pressures of up to 20"' water gauge. 


^ Humphrey, Proc, Inat. C.E., 1912-13. 
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DUST SEPARATORS 

To separate the dust and soot from the crude gas before it is admitted to the 
flues or furnace is generally accepted as most economical, not only because the 
furnace regenerators, flues, and pipes can remain longer at work without cleaning, 
but also because the dust in the gas may sometimes aflect the quality of the furnace 
product. Apart from this, the dust may in itself be a valuable product, sometimes 
fetching a higher market price per unit of weight than the coal from which it is 
derived. 



The quantity of dust contained in the gas depends upon the grading of the fuel 
and the rate of working ; it may be as high as 8 to 10 per cent on the quantity of 
coal gasified. The main principles involved in dry dust separation are redmed' 
gas velocity, impingement against baffles, and change of direction. 

It is clear that the slower the gas velocity, the smaller becomes the dust-carr 5 dng 
power <©f a gas, but the smaller the dust particles, the longer does it take them to 
settle out, consequently vessels of an enormous size are required if complete separation 
is be efiected in this way. Generally speaking, however, an effi.cient dry dust 
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separator will remove about 60 to 80 per cent of the total dust and soot in a producer 
gas. 

Fig. 259 shows a rectangular dust separator working in conjunction with a 
Dui! producer using coke, at the Vienna Gas Works, ^ which combines the three 
main principles of dust separation. The separator is brick-lined not only to prevent 
radiation loss, but also to prevent erosion by the hard coke dust impinging on the 
steel plates. The gas is baffled on entry against a transverse brick wall, then flows 
in a downward direction below the lower edge of the arch supporting this wall, 
thence upwards towards the gas outlet. Dust is removed at the base from time 
to time. 

Fig. 260 shows a photograph of a circular dust separator for a large gas producer. 



Fig. 260. — Circular Dust Sjsparator. 



It will be noticed that the inlet pipe is not horizontal but inclined, which, just as 
in blast furnace practice, is the best way to arrange gas mains for dusty gas. 

Fig. 261 shows the cyclonic dust separator, wl^ich probably is the most efficient 
design, when the weight of material involved for the same amount of dust separation 
is borne in mind. The gas leaving the producer enters the vessel in a tangential 
direction, thus causing an impingement of the dust particles against the side walls, 
which sometimes are provided with vertical flat bars or angles to cause further 
baffling. The dust settles out in the conical base, while the gas leaves at the top. 
Sometimes the gas outlet pipe is provided with an internal extension (see dotted 
lines) so as to maintain the gas longer in the separator ; so long as this internal pipe 
does not reach too near the base there will be no danger of the deposited dust being 
again picked up by the gas. 

' MariBchka, J. /. Oaa, u. April 13, 1912. 
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The velocity of the gas in efficient dust separators of the slow velocity type 
should be about one foot per second, and the time the gas is maintained in the 

vessel about 5 to 10 seconds, depending upon 
the particular design employed. 

Everybody who has been concerned with 
the cleaning of gas flues for dust and soot 
will have had the experience that wherever 
the gas chi iges its direction dust vill be 
deposited, i ethods based on this principle, 
.shown in fig. 262, are employed by the 
Reading Iron Company.^ 

The crude gas from three ]>roducers 
enters a vertical uptake flue, thence into a 
downtake flue, and from this in an upward 
direction into the main flue. Each of the 
vertical pipes is ];)rovided with soot and dust 
pockets from which the dust separate by 

_ _ . . I baffling can be removed. 

I "I T 1 T 11 adopting a similar arrangement in 

I — l-X — i — J II ! I connection with an 8' internal diameter 

Chapman mechanical producer gasifying 1500 
lbs. of Westmoreland gas coal per hour, 4600 
lbs. of dust and soot were separated during 
a working week of 132 hours, i.e. dust 

^ „ rr. ^ .separated = 2-3 per cent on coal. The 

Fig. 262 .— Baffle Type Dust Sepabator. ^ t i n 

specific gravity of the dust was 500 lbs. 

per cubic yard (sp. gr. = 0-295) while the analysis was : — 



Sulphur 

Moisture 

Volatile combustible 
Fixed carbon 
Ash . . . 


1-0 per cent. 
0'77 „ 

0-18 „ 

78-71 „ 

17-34 „ 


Heating value B.T.U./lb., 12,184. 


CLEANING OF MAINS AND VALVES 

The cleaning out of horizontal hot gas mains may be carried out by daily 
scraping by hand into soot and dust outlet openings placed, say, every 6 to 
10 feet along the pipe, or an internal chain or rope with scraper plates may be 
pulled along the base of the pipe scraping the dust into one or more vertical dust 
pockets. In most cases of hot gas pipes for furnace works the mains are burnt 
out. or blown clean, everv week end, when the works are shut down. 


Iron Trades Beview. 
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“ Burning out of the gas mains takes place by letting a current of air pass 
into the main, the hot dust and soot thus igniting and burning to ashes. The 
draught for this purpose is generally obtained by opening a by-pass main at the 
furnace to the chimney stack while the air is let in at the explosion door or cleaning- 
hole farthest away from the chimney. The ash left after burning out the soot and 
dust may be blown out by steam or air jets. 

Where cleaning of horizontal mains cannot be effected during week-end shut- 
downs because the producer plant is worked continuously, the lay-out of the pipes 
must be such that every part can be cleaned during operation ; all pipes should be 
inclined, with dust pockets at the lower ends, dust separators installed, or, in the 
case of cold gas plants, the gas taken as directly as possible into a washer. 

THEORY OF COOLING GAS 

In practically all cold producer gas plants the gas is cooled and cleaned by 
direct contact with the cooling liquid ^ generally water). Only in very few cases 
has the gas been cooled indirectly, either in atmospheric cooling towers or in water- 
cooled towers or in water-cooled tubular condensers such as are used in, say, town’s 
gas practice. Very few. if any, of the indirectly cooled plants have been successful, 
mainly because insufficiently large cooling surfaces were provided. On the other 
hand, if amply dimensioned indirect cooling plant were installed the capital outlay 
required would be prohibitive, in any case with the present designs of indirect 
cooling apparatus. 

Tlie rate of heat transmission in tubes between cold water and gas or air is only 
a small fraction (about one-fiftieth) of that of surface condensers for steam, while 
the rate of heat transmission between water and gas in direct contact is practically 
instantaneous, similar to the condition existing in a jet condenser for steam. 

Direct cooling of the gas has certain disadvantages for volatile fuels in so far 
as the tar when separated from the cooling water is often emulsified with water, 
and the production of ammonia-liquor on by-product recovery plant is excluded. 
Such considerations are, however, of minor importance when it is borne in mind 
that when ])roducing the same amount of heat in gaseous form, and cooling the gases 
indirectly, it is necessary to install three times as large an indirect cooling plant 
for producer gas as for town’s gas. As it is, a cooUng plant on the direct principle 
may be built for about one-third the cost of an indirect one dealing with the same 
quantity of gas. 

The direct cooling of a gas by means of w^ater may be assumed to take place 
in two stages : (1) the cooling of the gas from its initial temperature until it reaches 
its dewpoint, and (2) the cooling of the gas saturated with moisture to the desired 
or possible end temperature. When the complete cooling is carried out in one 
vessel there two stages cannot be definitely separated in practice as they more or 
less merge into one another. 

To pass through the first stage very little time is required, part of the cc^oling 
water, due to the high temperature difference, being practically “ flashed ” into 
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steam, thereby the cooling of the gas becomes an exchange of its sensible heat for 
latent heat in the shape of additional moisture content. By this process of heat 
exchange the total heat of the gas (with its moisture) remains unaltered, thus no 
actual heat absorption from the gas has taken place. 

To pass through the second stage (the actual cooling or heat abstraction stage) 
a very much longer time is required, since the temperature difference between cooling 
water and gas is generally small. The necessary length of time will depend on the 
quantity of cooling water used and the permissible temperature difference between 
the cooled gas leaving and the cold water entering, which on a ^ell-designed plant 
vshould never exceed S'" C. The amount of moisture which was evaporated from 
the cooling water in the first stage is condensed out in the second stage. . 

The quantity of water used for cooling will obviously determine the temperature 
difference that will exist between the gas and the water at the point when the 
former becomes saturated. In laying down the cooling water consumption of a 
plant this temperature difference may for a good design of gas cooler be assumed as 
not less than 1 5 to 20"^ C. 

For a given type of cooler the size to be used depends upon the amount of 
heat to be abstracted from the gas in cooling. When the operating conditions such 
as gas composition, temperature, and initial moisture content of the crude gas be 
known then its total sensible heat content per cubic metre dry gas at N.T.P. is 
easily obtained from the curves given in fig. 18, p. 64. 

If this heat content be divided by -6 (kg. cals./gr.) we obtain the number •of 
grammes of water vapour per cub. metre which will contain the equivalent amount 
of heat, and if we add to this figure the moisture content in the crude gas we obtain, 
by the aid of Table 67, p. 370, the corresponding saturation temperature of the gas. 

Let us illustrate this by an example : — 

Assume operating conditions as per Example 4, Table 25 (p. 68). 


Gas Analysis, 


COj . 


ll'O per cent; 

Gas outlet temperature . 

= 400°C. 

CHi . 


. 3-3 „ 

Moisture in crude gas in 


CO 

H, 

N, . 


• 17-5 „ 

• 21-5 „ 

. 46-7 , „ 

grammes/cub. m. 

= 150. 


Total sensible heat in 1 cub. m. gas (dry at N.T.P.) cooled from 400° C. to 0° C. 
= 156 cals. 

156 

Equivalent weight of moisture evaporated = =260 grammes. 

Add moisture originally present in crude gas . =150 „ 

Total moisture in saturated gas . . . =410 grammes per cub. m. gas (N.T.P.) 

Corresponding saturation temperature about 72° C. 

Ntite . — This calculation, although quite satisfactory for practical purposes, is not 
theoretically correct,' in so far as the total sensible heat between 400° C. and 0° C. has 
notf^een completely abstracted, since the gas has only been cooled to 72° C., the totsi 
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40()_72 

amount of heat units abstracted being about 156 x - -^ -- = 128 cals. On the other 
hand, the latent heat of evaporation of water at 70° C. is 0-557 kg. cals, instead of 0-6, 
thus making the equivalent amount of moisture evaporated ;^ = 240 gr. instead of 

260 gr., the total amount of moisture in the gas of 240 + 150 = 390 gr. per cub. m. being 
equivalent to a saturation temperature of about 71 C. 

The amount of cooling water required to cool the gas to say 20° C., with a 
water supply of 15° C., may then be estimated as follows : — 

Heat to be abstracted from gas : 

Sensible heat in crude gas =156 cals. 

Latent heat in moisture in crude gas = 150x0*6 = 90 „ 

Total . . . =246 cals. 

Let end temperature of water be 72 - 20 . . = 52° C. 

Then the heating range for the water . . . =52~15 = 37°C. 

or 

Cooling water = ^ = 6*65 leg. per cub. m. (dry at N,T.P.). 

In Bureau of Mmes Bulletin, No. 109, R. H. Fernald reports the water con- 
sumption of several Aiherican producer gas plantsto vary between 6-8 and 20-6 cub. ft. 
per 1000 cub. ft. of gas made, the average of all plants being 14*2 cub. ft. per 1000 cub. 
ft., or 1 1-2 Ig. fer cub. m. of gas, i.e. about double the above calculated figure. It is 
stated,, however, that in many plants water costs were so insignificant that a saving 
in the quantity used was not regarded as important. 

An average operation figure for water consumption in this country on anthracite 
producer gas plants for driving gas engines is 2 to 2| gallons per B.H.P. hour. If 
2 cu. m. of gas be used for B.H.P. hour these consumption figures represent : — 

[kg. of water per cub. m. of gas, 

4-5 to 5-6 1 01 * 

[cub. ft. of water per 1000 cub. ft. of gas. 

The above figures refer to conditions where cheap fresh water is available for 
cooling ; if this is not the case and a water-cooling plant with circulating pumps is 
to be installed, it is advisable to increase the capacity of the pumps and cooling 
tower to at least 50 per cent larger capacity than these figures, while water-cooling 
plants and pumps using tarry water (from a bituminous coal) should be still more 
amply dimensioned. 

Speaking generally, it is always advisable to determine the minimum water 
consumption by calculation, since local conditions and fuel qualities alter with each 
particular installation. 

To facilitate calculations regarding the heat exchange when cooling gases. 
Table 68 has been prepared ; the results of the same being shown on the curves in 
fig. 263. 
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Table 68 

Total Heat of Gas (90 per cent Diatomic) saturated with 
Water Vapour 


Temperature 
e C. 

Grma. of Water 
Vapour 
absorbed by 

1 M.® Dry Gas 
(N.T.P.) when 
saturated at 

C. and 

700 mm. 

Total Heat 
of 

Water Vapour 
at Temperature 
f C. 

0 

g. Grms. 

4*866 

fUls./Kgm. 

596*3 

10 

9*794 

coo-7 

15 

13*64 

603 

20 

18*81 

605*2 

25 

25*69 

607*4 

30 

34*80 

609*6 

35 

46*81 

611*8 

40 

62*60 

614*05 

45 

83*38 

616*27 

50 

110*78 

618*44 

55 

147*17 

620*61 

60 

196*02 

622*7 

65 

262*77 

624*8 

70 

356*41 

626*9 

75 

493*04 

629*1 

80 

704*79 . 

631*2 

85 

1066*5 

633*2 , 

90 

1802*7 

635*2 

100 

00 



Total Heat in 
g. Gms. 
Water Vai)our 
between 

0" and C. 

Sensible Heat 
in I M.» 

Dry Gas 
(N.T.P.) 
between 

0° and C. 

Total Heat of 
Saturated 
Mixture of 
Gas and Water 
Vapour per M.* 
Dry Gas at 
N.T.P. between 
0" and C. 

0a(». 

Cals. 

Cals. 

2-902 

. . 

2*902 

5*884 

3*206 

9*09 

8*225 

4*812 

13*04 

11*384 

6*419 

17’81 

15*605 

8*028 

23*63 

21*216 

9*638 

30*85 

28*642 

11*25 

39*89 

38*44 

12*86 

51*30 

51*385 

14*47 

65*85 

68*51 

16*086 

84*60 

91*33 

17*7 

109*03 

122*08 

19*31 

141*4 

164*2 

20*98 

185*2 

223*47 

22*55 

246 

310*17 

24*16 

334*3 

444*88 

25*78 

470*7 

675*33 

27*40 

702*7 

1145*11 

29*02 

1174*1 

00 




This table gives in the last column the total heat in cals, (per cub. m. dry gas 
at N.T.P.) to be abstracted from a saturated gas and steam mixture when cooled 
from its saturation temperature to O'" C. 

The bases of calculation for the figures given in the table are the following : — 

( 1 ) Gas containing 10 per cent OO 2 + CH 4 . 

( 2 ) Partial steam pressures as per Table 67. 

(3) Total heat in water vapour, i.e. latent heat of steam plus sensible heat of 
^ water, as per Marks & Davis steam tables. 

Regarding ( 1 ), it should be observed that since the sensible heat content of the 
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gas itself is such a very small proportion of the total heat, the table and curves will 
for aU practical purposes apply to air, or to gases containing up to say 20 per cent 
of total CO2 and CH4. 

Kegarding (3), it should be observed that although the condensation of the 
steam progresses successively as the mixture is cooled, it has been assumed that 
total condensation takes place at the saturation temperature ; for this reason the 
total heat figures are slightly on the high side, but only to a degree that is of no 



Fia. 203. — Total Heat Content in Saturated Gas and Steam Mixtures. 

importance for practical work. For indirect coolmg methods this point is, how- 
ever, of importance, since the coefficient of heat transfer will differ for the cooling 
of super-heated steam or of condensate from that required for condensation only. 

TYPES OF COOLING AND CLEANING PLANT 

The plant used for cooling and cleaning producer gas must be designed so as 
not only to fulfil the thermal requirements, but simultaneously to fulfil the duty of 
removing impurities or recovering in a proper state the by-products from the gas. 

We may therefore divide the gas treating plants into three classes, depending 
mainly upon the quality of the fuel it is intended to use, viz. : — 
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1. Clean fuels low in volatile constituents. 

2. Dusty fuels and tar producing fuels. 

3. Fuels suitable for by-product recovery. 


1. Cooling and Cleaning Plants for Clean Fuels Low in Volatile 

Constituents 




'Gas Plant. 


Under this heading come pro- 
ducer plants using coke, char- 
coal, or anthracite of reasonably 
even grading but free from dust. 

The first successful gas cool- 
ing plant of this type was that 
built by J. Emerson Dowson 
about 1880 ; this plant is shown 
in outline in fig. 264. 

It consisted of a 'pressure 
blown dry bottom gas producer 
with flat grate, the hot crude gas 
from which was taken in a down- 
ward sloping pipe into the base 
of a scrubber packed with coke. 
The gas was passed in an upward 
direction through this coke, 
while fresh water was supplied 
and distributed over the top of 
the coke ; the cooHng was thus 
on the counter-current principle. 

Except for a few modifica- 
tions in details, most modern 
plants using a first-class an- 
thracite (mainly suction gas 
power plants) are designed on 
the same principle (see figs. 
265-267). 

Fig, 265 shows the National 
suction gas plant. Gas from the 
producer enters the base of the 
scrubber through pipe 3 and is 
bubbled through a small water 
seal before it passes through the 
inclined cast iron or steel grid 
carrying the filling, which may 
be coke or wood grids. 
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The water is distributed at the top of the scrubber by means of an annular 
water trough, while the gas leaves through a central outlet pipe on the top plate 
and is passed directly to the gas engine, a small expansion box being provided close 
to the latter. All bends or horizontal pipes are provided with hand holes for 
cleaning. 

To maintain the seal of the luted gas inlet pipe to the scrubber at a constant 
level, or to allow for adjustment of the level, a special water outlet pipe 19 is pro- 
vided, the lower end of which, 18, is sealed in a tank in the foundations. 



Fig, 265. — National Suction Gas Plant. 


When starting up the gas producer the gas is blown to waste through the waste 
gas or purge pipe 6 provided on inlet branch 3 ; when the gas is of sufficiently good 
quality this purge pipe is closed and the foul gas which possibly may be contained in 
the scrubber, cold gas piping, and expansion box is blown to waste at the small blow-off 
pipe placed at the top of the latter. To enable the quality of the gas to be judged, 
a smaU test cock or test burner is also provided on the expansion box ; when the 
flame shown here is satisfactory the gas is ready for use. 



004 


iviv/iJjiiiirM UAJ5 rnuuuujj^iis 


Regarding the supply of purge pipes or chimneys, it is necessary to have oi 
not only on the producer outlet, but also at the outlet pipe from the cooling plar 
since, when shutting down, the gas in the coke scrubber may contract during tl 
shut down period, thus making it possible for air to be sucked into the scrubber ai 
pipe system. 

Fig. 266 shows a photograph of the Crossley suction gas plant. Except that tl 
coke filling is arranged in two separate layers the principle of gas cooling employ( 
is very similar. Four cleaning doors are provided at the side of the scrubber, tv 



Fig. 2G6. -a -C rossley Section Gas Plant, 

for each coke layer ; such an arrangement is found convenient in cases where th 
impurities in the gas (slight amount of dust) cause blockages of the coke interstice 
or the grid in the lower part, since it enables the lower dirty layers to be replace 
^vithout disturbing the upper and cleaner layer. 

Fig. 267 shows the scrubber used on the Sharp-Basset (U.S.A.) suction ga 
producers, the specific feature of which is that a small drying chamber is provide 
above the water sjiray and coke packing, thereby ensuring the separation of a 
entrained moisture from the gas previous to passing it to the gas engine. A centr« 
water distributor ihaking an umbrella-shaped spray is provided. 
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Other water distribution devices may be employed in addition to the annular 
ring described in reference to fig. 265, such as one or two transverse pii)es with 
perforations {these may be quickly removed for cleaning), or a nozzle with suspended 
distributor such as is shown in fig. 268. 

The control of the cooling water supply should be effected from the ground, or 
the regulating valve may be placed 
within easy reach from the gas pro- 
ducer top platform. 

Some anthracite fuels and certain 
types of coke (*.ontain volatile matter 
which forms a slight amount of tar on 
gasification, in which case it is advisable 
to subjecUthe gas to a slightly more 
elaborate treatment ; examples of such 
types are shown in figs. 269 and 270. 

Fig. 269 shows the Dow'son & 

Mason open hearth type of suction gas 
])lant. On leaving the gas producer the 
gas is cooled in a coke scrubber of 
similar design to those above described, 
but before being admitted to the engine 
it is passed through a scrubbing filter 
G, made of sawdust and shavings, which 
has the effect of retaining not only the 
entrained moisture in 
the gas but also any 
traces of tarry matter. 

Due to its large gas 
storage capacity such 
a filter also serves as 
an expansion box for 
the gas engine. 

In connection with 
the starting up of this 
plant it should be 
noted that this is 
effected by a hand- 
operated exhauster A 
(not a bhiwer), which will suck the gas from the producer through the whole 
cleaning plant, and exhaust it from a point close to the engine. AVhen the plant 
is out of operation, the chimney valve D is open, thus maintaining the producer 
fire by natural draught. 

Fig. 270 shows the Power Gas Corporation’s suction pressure gas cleaning 
plant, which may serve the dual purpose of supplying both gas engines and furnaces. 



Fig. 268.— Water- 
SPRAYING Nozzle. 


Fig. 267.— Sharp-Basset Combined Scrubber 
AND Dryer. 


386 


MODERN GAS PRODUCERS 


The gas is sucked ofE from the producer by the centrifugal fan B, which delivers the 
gas under the pressure required to enable suitable distribution in gas mains. 

The cleaning plant consists of a coke scrubber A, the fan B, and the sawdust 
or wood wool dryer C. The coke scrubber is of the usual design, except that a small 
perforated screen E is provided at the top to prevent entrained moisture entering 



Fig. 269 .— Dowson & Mason Open Hearth Suction Gas Plant. 


the fan B, which is also a centrifugal cleaner. The drying filter is provided with 
two or more separate layers of sawdust and chippings, which are always kept dense 
by weighted plates resting on the top of the packing. A drain is provided at the 
base of the filter for any liquid matter separated in the fan or the filter. 

The fan B may serve for starting-up purposes, if power from another source 
thaal the gas producer plant is available, the gas being blown to waste at purge 
pipe G. 
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Fig. 271 shows the arrangement of weighting down three layers of wood wool 
packing by means of heavy perforated plates, such as are used in the scrubber filter 
of the Euston gas producer plant. 




Fig. 270. — Power Gas Corporation Suction Pressure Gas Cleaning Plant. 


The sawdust or wood wool packing of the scrubbing filters and dryers will 
gradually absorb the impurities in the gas and thus in time become fouled. The 
replacing of the spent material by new always 
occupies a little time, to avoid which the Amsler Gas 
Power Co. (U.S.A.) put forward a filter basket which 
lends itself to easy and quick removal. 

Fig. 272 shows this device. To the inside of th^ 
circular body of the dryer is riveted an angle ring with 
machined upper face, upon which rests the basket 
casting provided with a corresponding machined 
facing. To the lower edge of the basket casting is _ 

Doited, a iieavy wire mesh filter box which is filled scrubber Filter and Dryer. 
with sawdust and shavings. A transverse bar is 

cast into the basket ring, thus enabling a quick replacement when the top cover 
of the drying vessel is removed. 

Although with certain first-class fuels it is not essential to provide a drying 
scrubber or wood wool filter, it is generally advisable to install the same, thus making 
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the plant slightly more flexible in regard to the use of fuels containing a trace of tar- 
yielding matter. 

Concerning the sizes of coke scrubbers and filter dryers required for a certam 
rate of gasification, this will alter with the quality of the fuel and the total heat tc 

be abstracted from the gas, and 
the amount of and temperature of 
the cooling water available. 

For purely and simply cooling 
a producer gas made from an- 
thracite in a coke-packed scrubber, 
it will be ample for average con- 
ditions as existing in this country 
to let the average time factor foi 
the gas in passing through the 
coke be about six seconds. The 
porosity of the coke can be taken 
as 50 per cent free space for gas 
contact when hard metallurgical 
coke of about 1" to 2^ cube is 
used as packing material. 

In the lower layers of the fill- 
ing it is generally advisable to use 
the larger pieces of coke, since the 
dust deposits from dirty gas will 
then have less tendency to quickly 
obstruct the lower part of the 
jbower. It is often of advantage 
to place the smaller pieces of coke 
along the steel casing of the 
scrubber, thus avoiding a short 
circuiting of the gas along the 
sides. 

When the gas is likely to con- 

„ f tain a large amount of dust it ig 

Fio. 272. — Amslek Sawdust Scrubber Filter i 1 1 i 

AND Dryer. advisable to provide an emptj 

space between the coke and the 
gas inlet, in which the water falling down from the coke can wash out most of the 
dust from the gas before it enters the filling material. 

Concerning the sizes of wood wool drying filters and sawdust scrubbers, the 
former material is quite suitable for anthracite, while the latter material, whicli 
lend^ itself to more dense packing, is the best for coke or anthracite containing ar 
excess of volatile matter. “ Sawdust ” scrubbers are generally packed with 20 pei 
cmt sawdust round the edges, while the rest of the material is wood shavings oi 
cWpEings. . 
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To Chimney 


The velocity of the gas through a wood wool packed filter or dryer may be taken 
as per second for the 
empty vessel, while for a 
sawdust scrubber for coke 
this velocity should be about 
Z" per second : the depth of 
packing material should be 
altered with the fuel em- 
ployed, and generally varies 
from one to four separate 
layers, each of a maximum 
thickness of about S'", and 
resting on wooden grids or 
perforated plates. 

A very compact design 
of gas scrubber and dryer 
different from the above- 
described types is used in 
the Galusha gas producer 
])lants (see figs. 273 and 274 ). 

The gas is sucked by the 



Fig. 273. — Galusha Sciutbbeh and Dkyer mounted 
ON Producer. 


gas engine from the top of the 
producer, and passes directly 
into the combined scrubber 
and dryer which is carried 
from a bracket on the pro- 
ducer casing. The scrubbing 
chamber is rectangular in cross 
section and packed with either 
coke or crushed stone. The 
drying chamber is packed 
with a series of vertically 
tongued and grooved cast- 
iron baffle plates. 

One or more transverse 
water-spraying pipes at the 
top of the scrubber sprinkle 
water over the filling and also 
throw a spray on to the face 
of the vertical dryer baffles, 
thus tending to wash clean 
the zigzag paths of the gas 
(shown black in fig: 274). 
The baffle plates are easily removed or replaced for cleaning purjioses. 



Fio. 274. — pLifN View of Galusha Scrubber and Dryer. 



n 

Fig. 276.— Akerlund Spray Gas Washer. 


2. Cooling and Cleaning Plants for Dusty and Tar-producing Fuels 

Under this heading come not only plants for treating gas from dusty fuels low 
on Volatile matter, such as coke or anthracite, but mainly for gas from all bituminous 
or young ” fuels depositing tar upon cooling. 

The gas from such fuels will deposit its solid or*' condensable impurities more 
or less completely in the cooling plant. If the apparatus used for this purpose are 
so designed that the solid (pasty or sticky) deposits can accumulate in the cleaning 
plant at places from which it cannot be removed, then constant difficulties and 
6peration interruptions may be experienced. Whenever scrubbers filled with coke, 
wooden grids, or tiles have been used for cooling hot crude tarry gas, blockages of 
the filling material have quickly taken place. All modern gas cooling apparatus 
are th%refore* made to be self-cleaning washers in which the flow of .the washing 
liquid is such that nOf only does it wash impurities out of the gas, but it also scour^i 
the inside of the washer itself for deposited impurities. 
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Although the gas is efficiently cooled, and the dust removed in such washers, 
they are, however, unable to eliminate the whole of the tar from the gas (imless a 
tar-absorbing oil is used as the washing medium) ; this is effected in special tar 
cleaning devices, such as gas washing fans, disintegrators, tar recovery filters, etc., 
in addition to which sawdust scrubbers are sometimes used to ensure the removal 
of the final traces of tar. 

Fig. 275 shows the Akerlund type of gas cooling and cleaning plant, in which 
the washers consist of empty vertical tubes through which the gas passes in series. 
At several points on each tube a water spray i» provided for washing the gas, the 
water with the washed- 
out impurities leaving at 
the open end of each 
cooler, which is sealed in 
a concrete water lute. 

On leaving the last 
washing tube the gas 
enters an exhauster 
which presses the gas 
through a sawdust scrub- 
ber. The producer shown 
on this illustration is* of 
the down-draught type, 
but similar gas cleaning 
plant is used for up- 
draught producers. 

On fig. 214 is shown 
the cooling and cleaning 
plant used in connection 
with the Deutz brown 
coal producer gas plant. 

The gas is sprayed with 
water in the downcomer 
pipe from the producer, *’“■ 278-now8os * Washke foe Wood 

thus settling out part of , 

the dust and cooling the gas to some extent before it is v^ashed in the centrifugal 
gas cleaner or disintegrator shown in fig. 283 ; after separation of the tar the gas 
enters a hurdle-type scrubber in which it is finally cooled previous to passing 
through a dryer to the gas engine. In this plant the tar and dirty impurities are 
removed in a mechanical washer, while the main cooling is effected in a similar 
plant to that used for non-volatile fuels. 

Fig. 276 shows Dowson & Mason’s cascade washer such as is used on wood 
waste gas producers. A circular or rectangular vessel B is provided with two 
vertical baffie plates A, to which are riveted in alternate vertical positions inclined 
smaller baffle plates F, The gas enters from the producer at G, passes in a down- 




ward direction behind baffle plate A, and then in a zigzag upward path between 
the baffles F, where it is washed with water flowing down the latter counter-current- 
wise to the flow of the gas. Any dust or tar deposited on lue baffles F is washed 
away into the concrete water lute. 

On leaving the cascade washer the gas is passed through a centrifugal tar 
extractor E and a sawdust scrubber C before it is ready for use. 

Fig. 277 shows another type of cascade washer as used in conjunction with 
Wells’s producer (figs. 115 and 212). 

Fig. 278 is a view of a complete gas producer plant for wood waste such as is 



built by Messrs. Ruston, Proctor & Co. The gas from the multiple outlet pipes 
(see fig. 208) enters two circular dust collectors, one on each side of a cascade type 
scrubber, in which the gas is washed with water in the usual way. An inclinec 
downcomer pipe conducts the gas directly into a tar extractor of the centrifuga 
fan type. The impellers in the latter atomize the water introduced, and mix il 
so intimately with the gas that the main amoimt of tar separates out as an emulsion 
which drains into water-sealed pots at the gas inlet and outlet branches from tin 
tar extractor. Before passing to the engine the final traces of tar and entrainec 
■moisture are removed in a sawdust scrubber. 
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The distribution of the water falling from one inclined flat plate to the other 
on cascade or baflie washers, as described above, is sometimes defective, in so far 
as an even distribution of the sheet of cooling water over the edge of the flat plate 
cannot be ensured throughout the whole depth of the washer. Difficulties of this 
kind are eliminated with washers having concentric water collecting and distributing 
devices, such as Lymn*s washer shown in Fig. 279. 

This consists of a steel shell (A), to which is attached a series of truncated 
cones (B), placed alternately with a corresponding series of discs (C) fixed to a central 



Fig. 278. — Ruston Gas Cleaning Plant roii Gas from Wood Waste. 


shaft (D). The washer is fitted with a gas inlet \E) at the bottom, and with gas 
outlet (F) and liquid inlet (G) at the top. 

Falling by gravity alternately from the discs to the cones and vice versa the 
thin sheets of liquid are atomized by the momentum of the upward-flowing gas 
current, and in the form of fine spray driven on to the next following disc and 
cone, where the spray again unites into thin sheets of descending liquid, which in 
their turn scour the discs and cones for any deposited dust or tar. 

The first washers used by Mr. Arthur H. Lymn ^ in connection with by-product 
recovery producer gas from bituminous coal were of the mechanical type, the shaft 

^ A. H. Lymn, Oas Producers with By-product Recovery^ December 7, 1915, American S.M.E. 
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Water 


D being arranged to revolve as in many of the known mechanical scrubbers used 

in lighting gas practice, while the truncated cones 
B were made of the same internal diameter as the 
distributing discs C, so a .8 to ensure that the water 
did not drop right to the bottom without touching 
the discs. It was found, however, that the 
momentum of the gas was performing far more 
of the cleaning work than was the mechanical 
movement of the discs. ^ . 

Mr. Lymn then eliminated the mechanical 
feature of the washer and cut away the internal 
cones to give the gas more play, as shown in 
fig. 279. 

Without any fear regarding bad water distri- 
bution it is stated that these washers can be 
built in sizes up to an hourly cold gas through- 
put of two million cub. ft., with very** much 
smaller time factors than are required in con- 
nection with coke- or tile-filled scrubbers. 

The following results have been obtained by 
the Power Gas Corporation * on a Lymn washer 
of 250,000 cub. ft. hourly capacity, used for 
cooling and cleaning producer gas from dust : — 



Water 


Fio. 279.— Lymn Gas Washer. 




Gas Temperature, I 

Water Temperature, 

Dust in Gas, 

Gas Flow, cub. 
ft. per hour. 

Water used, 
galls, per hour. 

0 ( 

u. 

0 ( 


1 grammes jwr 

cub. m. 



In. 

Out. 

In. 

Out. 

In. 

Out. 

350,000 

9850 

295 

13 

10, 

35-5 

•484 


•012 

180,000 

2700 

307 

17 

12 

48 

•56 


•014 


CO2 
CO 
CH 4 
H, 

N, 

Fig. 280 shows the Power Gas Corporation’s gas cooling and cleaning p|ant 
used for gas from bituminous coal ; it consists of one Lymn washer A, two centri- 
fugal gas washing fans C, and one or more sawdust scrubbers D. 

Tlje gas from the producer enters the base of the washer through the pipe E, 
which is inclined so as to keep the crude gas mains clean and cause the gas to impinge 
on ^e water surface in the concrete tank H, into which the lower end of the washes 


Gas Analysis, 

6*6 per cent. 
. 23-5 „ 

. . 1-2 „ 

. 20-4 „ 

. . 48-3 „ 
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is sealed. It will be noted that the surface of the cones and discs is more steeply 
inclined (to the horizontal axis) on the lower ones, thereby ensuring definitely that 
dust and dirt deposits are scoured off properly. At the top of the washer is placed 
a series of concentric perforated screens B (somewhat similar to a Pelouze-Audoin 
tar extractor), through which the gas has to pass before it enters the centrifugal 
cleaning fans C, in which the gas is washed with about 1 kg. of water per cub. m. of 
gas treated. 

When dealing with an average bituminous coal, the tar content in the gas 
^ entering the fans njay be from 4 to 10 grammes per 

cub. m., while the content in the gas leaving is generally 
about -25 to *5 grammes per cub. m., the exact amount 
varying with the washing water temperature. 

The method of packing a sawdust scrubber for 
downward flow of gas is shown in detail in fig. 281. 
Sawdust scrubbers for bituminous coal should be 
designed for a gas velocity of I'' to ‘I” per second 
(through the unpacked scrubber), i.e. a much larger 
area should be available than for coke or semi- 
bituminous fuels. The sawdust scrubbers have to be 
repacked from time to time as they become fouled, 



Gqs Outlet to 
Gas Engines 


Fig. 280.— Gas Cleaning Plant for Bituminous Fuels (Power Gas Corporation). 


the fouling period altering considerably with the design of the other cleaning plant 
installed, the temperature of the cooling water, the load and purpose of the plant, 
etc. Once every six months for plants working continuously may be said to be 
an average time when working on bituminous coal in this country. 

The tar in the gas leaving the scrubber should not be more than about 0-1 
grammes per cubic metre if us^d for gas engines, while for general furnace work 
this limit of tar content may be exceeded somewhat. 

A method of packing a dry scrubber filter for gas made from wood W'aste is 
shown in fig. 282 (National Gas Engine Co.). It will be noted that instead of 
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using ordinary wood machining refuse, materials such as coke, wood wool, and 
cocoanut mats are employed in addition to a sawdust layer. 


A 

B 

C 

D 

E 

F 

G 




Fig. 281. — Sawdust Scrubber for Bituminous Fuels (Power Gas Corporation). 

A. (’hipplngs only. E. Fin^ planlngs i)acke(l evenly. *•" 

B Saw«lu8t about 2* deep packM tightly F. Sawdust about 4' deep packed tightly 
round the edges. round the edges. 

C, Fine planings jmeked evenly. 6- Coarse planings pack(*d evenly and well 

D. Sawdust about 2* deep packed tightly Into the corners. 

round the edges. 


In some districts where wood waste or other of the described filtering materials 

are not available, cheap 
local materials are often 
employed, e.g, sugar 
cane refuse, straw, 
seeds, etc. have all been 
used as more or less 
successful substitutes. 
The separation of 
Coan^Sawefust 9^2cfeep tar from the producer 
gas on plants using 

Woodm>ot 9% deep mth 
Cocoanut Mat in middle 



Gas 


WoodiYOol 9^ de^ mth 
Cocoanut Mat in middle 


centrifugal tar ex- 
tractors depends upon 
two equally important 
factors, viz., the tem- 
perature of the gas, 
which must be so low 
as to cause a condensa- 
tion of the tar vapours 
from the gas, and the 
intimate contact be- 
tween the water in the 
gas washing fan and 
the < tar vapours. When converted from the gaseous into the liquid state the 


Coke 9^ deep 
Cleaning Door 

Cast Iron Grid 


Fig. 282.— N.£tional Dry Scrubber Filter for Gas from 
* Wood Waste. 
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tar vapours do not at once deposit themselves from the gas as hquid drops, but 
are retained in the gas in the state of a “ tar fog,” which, as borne out by 
experience, cannot be separated by cooling only. The centrifugal action of the 
vanes in the fan appears to be such that the finely divided water particles either 
coat the tar fog or become coated therewith, thus rendering the combined liquid 
particles heavy enough to separate from the gas by gravity. 

If of sufficiently sturdy construction to withstand the extra force required in 
splitting up the water, most of the centrifugal gas boosting fan types described on 
p. 435 may act as more or less successful tar extractors. 

In many cases special designs of gas washing fans or disintegrators are used, 
such as, for instance, the Deutz type shown in fig. 283. It consists of three series 
of discs fixed to a common shaft and having gas and tar beating vanes provided 



Fig. 283. — Deutz Gas Wasiiinq Fan or Disintegrator. 


on both sides. The water is introduced through separate feeds to the top of each 
disc chamber, while the tar emulsion leaves at the base. An analysis of this tar 
emulsion made on the plant referred to on p. 329 showed the following result : — 

58-4 per cent water. 

2-3 „ dust. 

39*3 „ tar substance. 

Such a tar would have no great commercial value, due to its high water and 
dust content. 

The efficiency of any given fan as a tar extractor increases with the circum- 
ferential speed of the rotor, which for ordinary fan types is never less than 50 m. 
per second (165 ft. per second). In some cases the tar extraction efficiency is given 
in percentage of tar removed, but this is not a proper basis of comparison 'for the 
merits of any particular tar extractor, as, for instance, on a plant employing two 
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gas washing fans in series the following average results for four months’ operat 
were obtained : — 



Tar content in 

Temperature of 

Tar Extraoti 


grammes per cub. m. 

Gas. 

“ Efficiency. 

Gas entering No. 1 fan . 

5-3 

38° C. 

77%\^90, 

54%) 

Gas leaving No. 1 fan . 

1*2 

31° C. 

Gas leaving No. 2 fan . 

. -65 

25° C. J 


Although the fans were identical in design and revolved at the same speed, 
so-called tar removal efficiency is very much lower for the second fan than for 
first. 

On another gas producer plant having two fans in series the following res 
were obtained : — 



Tar content in 
gas grammes 
per cub. m. 

Gas Temp. “ C. 

Notetj. 

Gas entering No. 1 fan 

1-86 

47- 

In summ 

Gas leaving No. 2 fan 

1-42 

40 

time 

Gas entering No. 1 fan 

1*52 

15 

In winte 

Gas leaving No. 2 fan 

•07 

8 

time 


which shows very clearly the different results that ,are obtained if the gas is pro]) 
cooled before entering the gas washing fans. 

This irregularity and .insufficiency of tar removal by centrifugal means nec< 
tates the employment of sawdust scrubbers and filters to remove the final tr 
of this impurity (or by-product). It will have been noted in all the previo 
described sawdust scrubbers that a material is used which when it becomes fo 
.(except for burning imder boilers) cannot be used again, that a large space is occuj 
and that voluminous and conseqjiently costly vessels have to be employed. 

Several proposals have been put forward to enable the elimination of 
centrifugal tar extractors and the great disadvantages attached to the use of sawi 
scrubbers. The only means which so far has met with some commercial succe 
the employment of small filters in which the gas is “ wire drawn ” [the pres 
drop through the filter being in some cases as much as 4 lbs. per sq. inch ('28 kg, 
cm. 2)], thereby causing the -fine tar globules to be brought into contact with 
another, and thus agglomerate in tar drops which can flow away from the fi 
To enable an easy flowing away of the tar it is necessary to maintain the filter 
thh gas at a sufficiently high temperature. Apart from the employment of 
relatively great gas pressure, this system of tar removal has the advantage 
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the tar removed contains considerably less water than that obtained by direct water 
scrubbing or in the tar emulsions leaving gas washing fans. 

The Pelouze-Audoin tar extractor may be said to be a forerunner of this system 
of tar removal ; the gas is wiredrawn here also, and the temperature of the gas must 
be maintained high enough to enable the tar to flow. Fig.- 185 shows such an 
apparatus installed on a Moore by-product recovery plant. 

There are many types of tar extractors of this kind on the market, and the 
reader is referred to standard works on lighting gas practice for detailed information 
upon the subject. Speaking generally, the tar. removal is effected by passing the 
gas through a series of concentric perforated plates, sometimes twelve in number, 
placed about I" apart. The perforations may be circular holes (say forty to fifty 
jig'" diameter holes per sq. inch), or alternate 
vertical and horizontal slots of varying sizes as 
shown in fig. 284, which show^s the screens 
used by Messrs. Pintsch for tar extraction from 
producer gas. ^ 

Fig. 285 shows the gas cleaning plant em- 
ployed by the umith Gas Engineering Co. 

(U.S.A.) for bituminous producer gas. Briefly 
the plant consists of the gas producer E, 
primary and se<*ondary gas coolers J and K 
respectively (which are of the concentric cas- 
cade type, somewhat similar to tlie Lymn 
washer), and the tar extractor M, with gas 
pump L, the latter two being shown in detail 
in fig. 286. 

The partly cooled gas leaviijg the primary 
cooler enters the gas pump or exhauster at a 
pressure below atmospheric and is delivered at a 
high pressure into the tar separator M the 4tter 
consisting of a glass wool filter E^, with inlet 
and outlet connections and F^ respectively. 

The casting containing the filter is fixed in such a way that by turning round 
its axis the filter can be quickly replaced without^ undue gas loss. Multiple filters 
are generally installed to avoid irregularities in working, fig. 287 showing a multiple 
filter of which the one is dismantled while the other is “ on.’^ 

In passing through the glass wool filter E^ the pressure loss of the gas is from 
two to four pounds per sq. inch, while the tar fog agglomerates into large drops, 
which fall out of the gas current by gravity into the tar trap N. 

It is claimed that any degree of cleanliness can be attained, the determining 
factor being the cost of power. Although the work to be carried out in the gas 
pump or e^auster is very much larger than usual for boosters in other types of 
cleaning plant, not only on account of the higher pressures, but also because the 
rras is of a lartfer volume in its hot state, this svstem has the advantage that one 
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Fig. 284. — Pblouzb & Audoin Tar 
Extractor Screen (Pintsch). 
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oaachine only is provided to handle the gas from the plant (no air blower being 
employed), while no power is required to split up the washing water as in centrifugal 
^as fans. 

Fig. 288 shows the bituminous gas cleaning plant used by the Flinn & Dreffein 
Co., U.S.A. Cnide hot gas from the gas collecting main A enters the mild steel 
cooler B, in which it is cooled to that temperature which is most suitable for tar 
extraction in the primary and secondary tar extractors and Cg. In cooler B 
most of the soot, dust, and heavy tars are thrown down. After leaving the tar 



Fig. 286. — Smith Type of Gas Cleaning Plant foe Bituminous Producer Gas. 


extractors the gas is passed through a coke or timber packed scrubber D for final 
cooling before it enters the gas exhauster E. 

The tar extractor is shown in detail in fig. 289. In its principle it consists of 
a tapered plug, heavily threaded, fitted into a female similarly threaded. . The plug 
is mounted upon a vertical shaft, which has a thread the same pitch as the plug. 
The threaded part of the shaft passes through an outside yoke. Accordingly, the 
plug may be screwed up or down and remain in mesh with the female thread, but 
noif in contact with it. The width of passage or channel between the threads is 
varied through changing the position of the plug. The dirty gas enters the tar 
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extractor above the plug aud is drawn through by means of the suction produced 



Fia. 286 * — Smith Tar Extractor. 

by the gas exhauster. The small tar particles strike the sides of the narrow 
thread opening, through which 
the tar drains off in the direction 
of the gas flow. In the uppej 
chamber of extractor, above the 
plug, are water sprays. Water 
is used to cool the gas further 
and also to act as a vehicle for 
maintaining the flow of tar, if of 
a sticky type. 

The illustration shows an ex- 
tractor with five concentric gas 
threading passages, but the 
principle of gas treatment re- 
mains the same whether one or 
five passages are employed. 

The average pressure loss in 
passing through the threads is 
about 1 lb. , per sq. inch, while 
the gas velocity thereby set up is 
over two miles per minute (54 m./second). The screw adjustment enables the 



Fig. 287 .— Photograph of Dismajsitled Tar 
Extractor. 
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space available for the gas passage to be altered in accordance with the desirec 
rate of gas delivery. 

Although the process of tar removal in the Smith glass wool tar extractor 



Fia. 288. — Flinn & Dreffein Gas Gleaning Plant for Bituminous Producer Gas. 


when first placed upon the market, was claimed to be due to the electric action c 
^he glass wool upon the tar, it would appear that the action may be a physical on« 
A purely' electrical process for precipitation of the dust and tar from gases i 
' that of Prof. Cottrell, U.S.A. This process has proved itself eminentlv suitable Ic 
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the purification of most gases, and is said to have been successfully employed for the 
precipitations of tar from producer gas in U.S.A., while, so far as the author’s know- 
ledge goes, no such plant is in operation in this country. 

The principle of the Cottrell process is that if a high tension electric current 
(about 75,000 volts) is allowed to silently discharge through a ga^ containing tar 
in the form of tar fog, the particles of tar will coalesce until drops are formed which 
become too heavy to remain suspended in the upward flowing gas current. 

The power consumed by the precipitator is 
comparatively small, and the apparatus would* 
probably not be more expensive than an 
installation of centrifugal gas cleaners and saw- 
dust scrubbers for the same duty, but whether 
the tar removal will be as effective as in a plant 
of the latter type is yet to be proved on a 
large scale ; this may perhaps be expected in 
the near future. • • 

(3ther methods employed for removing 
tar from the gas consist of washing the gas 
with an absorbing oil in scrubbers or centri- 
fugal gas washing fans ; these are described 
on p. 420. 

3. Gas Cooling and other Plant required 

FOR THE KeCOVERY OF By-PRODUCTS 

FROM Producer Gas 

The type of plant used for the recovery 
of by-products depends upon the physical state 
of the hot crude gas as it leaves the gas 
producer (or super-heaters), and upon the*par- 
ticular constituents which have to be removed 
therefrom, as well as the state in which these 
are made ready for the market. 

Regarding the physical state of the crude 
gas — the factors which influence the design of 
the gas treating plant are the temperature of, the moisture and the dust contents 
in, the crude gas. 

Since cold producer gas will always give a higher utilization efficiency the 
drier it is, and as its dryness depends upon its final temperature (at which it is always 
saturated with moisture), cooling of the gas should be complete and efficient. As 
we have already seen, the size of the cooling plant per se depends upon the total 
heat capacity of the crude gas, that is, its sensible heat content as well as the latent 
heat of any moisture it contains. When the total heat to be abstracted becomes 
large, then an arrangement is often made to utilize the heat of the hot cooling water 



Fig. 289 .- 


-Flinn & Dreffein Tar 
Extractor. 
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for saturating the air blast for the gas producer ; such an arrangement is of great 
economical importance on gas producer plants where ammonia is the chief by- 
product, since these })lants generally require more steam than when ammonia 
recovery is not effected. 

When the crude gas contains dust, this should be separated from the gas, so 
that it cannot affect the ])urity of the by-products. For this reason dust removal 
is often resorted to in primary gas washers (or dust washers) in which the gas is 
cooled close to its saturation temperature by washing with hot water, which simul- 
taneously causes the dust content to be practically eliminated. 

The main distinction of the gas treatment used on by-product recovery plants 
from that of other producer gas treating plants is, however, the recovery of the 
by-products themselves. Accordingly we shall deal successively with plants : — 

(1) For the recovery of ammonia. 

(2) For the recovery of tar. 

While tar recovery is always possible in an ammonia recovery plant, it is not 
always possible to recover ammonia in a plant designed for tar recovery. 

Although commercial success in recovering a third by-product from the gas, 
viz. sulphur, has not yet been established, we shall also at the end of this chapter 
outline some of the proposals so far made with this object in view. 

RECOVERY OF AMMONIA FROM PRODUCER GAS 

The volume concentration of ammonia in the crude producer gas (containing 
water vapour at a saturation temperature of 60^ to 80° C.) varies for most by-product 
recovery plants between 0*7 and 0*15 per cent. If the moisture and ammonia 
were simultaneously removed from the producer gas by cooling and condensation 
by indirect methods as in gas works practice, the concentration of ammonia in the 
liquor obtained when using an average English coal will be less than 0-5 per cent 
if all the ammonia is removed and recovered with the condensate, but the ammonia 
is not all absorbed by the condensate ; generally more than 50 per cent being retained 
in the gas and Only removable by washing. 

We have already seen (p. 377) that, due to the large volumes of gas in question, 
indirect methods are not so economical to employ for cooling producer gas as direct 
methods. Not only on account of these reasons, but mainly due to the behaviour 
of ammonia in a gas mixture upon cooling, as mentioned in the preceding paragraph, 
direct absorption (by acids) of ammonia from the hot gas at a temperature above 
its dew point has so far been the only commercially successful procedure. Since 
this dew point is generally above 70° C., volatile acids such as hydrochloric or nitric 
acids cannot be employed, the only acid so far used in practice being sulphuric acid. 

The principles of the process employed in present-day practice in the direct 
reffiovery of ammonia from producer gas were laid down by Dr. Ludwig Mond in 
1885 (see p. 28(]i). Fig. 177 shows a section through his ammonia recovery plant* 
•^The eas from each producer was passed into a common mechanical dust washer 
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from which, at a temperature of about 80° C., it was passed into a packed stoneware 
tower down which was flowing a solution of sulphate of ammonia and sulphuric 
acid in water, the concentration of acid being about 2 per cent. After leaving the 
acid tower the gas was cooled to about 65°-70° C. in a scrubber, the hot water 
from whicli was used to supply part of the steam for the gas producer air blast. 

Fig. 290 shows a diagram of the gas treating and other plant as built by the 
Power Gas Corporation, in connection with the production of clean producer gas 
with the simultaneous recovery of ammonium sulphate and low temperature tar. 
Although the Lymn type of washer is employedf it will be obvious from the following 
that the process of the ammonia recovery and gas cooling is the same as that 
originated by Dr. Mond. 

The hot crude gas from one or more generators passes through the vertical 
dust washer 1 , in which it is cooled by hot water to the close neighbourhood of its 
dew point and the bulk of the dust is removed. The gas then passes through the 
Lymn type ammonia absorber 2, in which it is washed with a liquor containing a 
small excess of free sulphuric acid, thus stripping the gas of ammonia, an absorption 
efficiency of 95 to 99 per cent being obtained. To avoid acid spray being carried 
forward mechanically, the top of the washer is provided with a coke filter. 

The hot gas is now washed with water in Lymn washer No. 3, the hot water 
from which passes directly into washer No. 5, in which it is cooled again by the air 
on its way to the producers, the air thus being heated up and becoming saturated 
with moisture. This process is the same as that described in reference to fig. 166. 

Final cooling of the gas to atmospheric temperature takes place in Lymn 
washer No. 4, and the gas washing fans 6, one of which may be supplied with 
absorbing oil to remove the lightevSt oil compounds from the gas. If for use in gas 
engin(?s or small furnaces the gas is ])assed through sawdust scrubbers 7. 

Tanks 8 and pumps 9 for the circulating liquor and water are provided. In 
the tanks the tar is separated from the water and passed into a tar storage tank 10, 
from which the tar in a hot state is passed to a mechanical dehydrator 11, which 
dehydrates the tar to about 2 per ceuu moisture content, and charges it into barrels, 
tanks, or the like, 12. (For further details of tar dehydration see p. 415.) 

When of sufficient strength (about 1*18 to 1-2 specific gravity)*the sulphate of 
ammonia liquor is passed to a storage tank 13, from which it is supplied at will to 
a vacuum evaporator 14, the vapour driven off ^rom the liquor being condensed 
in jet condenser 15. The sulphate salt is finally dried in the centrifuge 16, and 
passed to the store for packing. 

A point worthy of note in the plant shown is that the ammonia absorber is 
made of steel and not of earthenware or lead. It is well known that strong sulphuric 
acid has practically no corrosive action on mild steel or iron, while dilute solutions 
are strongly corrosive. On this account it was never attempted to build the 
absorbers of the first ammonia recovery plants of any other material than one neutral 
to weak sulphuric acid (say lead) until the manager of a Mond plant in this country 
once employed the dust washer as an ammonia absorber, with no detrimental 
result. Several attempts were then made to install ammonia absorbers in steel, 
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but none appears to have withstood 
corrosion so successfully as washers 
of the Lymn type. 

In describing the Lymn plant 
installed at the Hoffmann Manu- 
facturing Co.’s Works (I.E.E., 
March 11 and 18, 1920) Mr. Patchell, 
M.I.C.E., writes as follows ; — 

The reason why corrosion takes 
place in some cases and not in others 
does not yet appear to have beer 
discovered, although many attempt! 
have been made to solve the problen 
by chemists engaged on recoyerj 
plants. Apparently the compositioi 
of the coal has sojnething to do witl 
the matter. From the .^uthor’s ex 
perience it would appear that whei 
using mild steel plates very littl 
corrosion takes place, unless the meta 
is also subject to erosive action or i 
under stress. At such points corrosio: 
may be rapid. 

“ In the case of Messrs. Hoffmann' 
plant, ammonia recovery was nc 
attempted until some weeks after th 
plant was started, in order that tf 
interior of the vessel might gt 
thoroughly coated with tar before an 
acid liquors were circulated. Bey on 
. the failure of a few bolts and rivet 
there has been no trouble fro] 
corrosion.” 

The sulphate liquor on this plai 
also seemed to corrode the cast ire 
delivery pipes at the chaplets, whi 
the circulating pumps had to 1 
made of bronze to successfully wit 
stand the action of the acid. 

Fig. 291 represents a typic 
instance of the gas temperatur 
and pressures existing in a Lyn 
type gas producer plant. It is 
reproduction of a chart publish 
by Mr. Patchell (see above). 

Ta nrPVAnt tar losses and also 
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economize in the water consumed by the plant, the cooling water used for washer 
No. 4 and the gas washing fans, fig. 290, should be recooled in a water cooling plant, 
which procedure also causes the phenols to be retained in the plant and not run 
to waste. Some fuels do not produce a large quantity of phenols in the tar, and 
consequently this rule need not be strictly adhered to when fuels of this type are 
being gasified. 

Fig. 292 shows a vacuum evaporator such as has been employed for dealing 
with the sulphate of ammonia hqupr produced on the gas plant. It consists of a 
tubular evaporating system A, with a salt settling cone B at its lower end, and a 
vapour chamber C, with superimposed spray catcher D at the top. At the base 
of B a salt drainer E is connected up by valve E 2 , while the vapour from D enters 
the jet condenser F, in which it is condensed by water spray from valve F^, while 



Fig. 291 .— Du(3Ram of Air and Gas I'bessuees and TEMPERATimEs on a Lymn Plant. 


the condensate and condenser water is run to waste at branch Fg., To maintain a 
constant vacuum some types of jet condensers are connected to an air pump, while 
others may be designed or placed so that the jet condenser also acts as the air pump. 

All parts of the evaporator in contact with fhe sulphate of ammonia liquor or 
sprav, such as the tubes in the evaporator chamber and the top and bottom of the 
evaporator, are made of acid-proof material, generally special copper alloys, although 
casings have in some cases been successfully employed in acid-proof cast iron and 
tubes of wrought iron. 

The procedure of evaporation is generally as follows : — 

Sulphate of ammonia liquor is supplied through cock at a rate equivalent 
to the desired evaporation, while steam is admitted round the evaporating tubes 
in chamber A from valve Aj, the condensate being removed at trap Ag. As evapora- 
tion proceeds sulphate of ammonia crystals separate out in cone B, while the acidity 
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of the liquor increases. When a sufficient quantity of crystals has separated out, 
sluice valve Eg is opened and the salt allowed to fall into the drainer E, the door 
El having pre^dously been closed. W’hen the valve Eg is closed again, the wet 
sulphate in E is left for several minutes to drain properly (the salt resting on a per- 
forated plate Eg) before the door Ej is opened again to enable the salt to be shovelled 
into a centrifuge for final drying. The mother liquor draining away from the salt 
(which may contain as much as 8-10 per cent sulphuric acid) is run back to the 

ammonia absorbing system, or re- 
turned dire(‘t to the evaporator. The 
salt after being finally dried and 
washed in the centrifuge is generally 
conveyed to a store. 

In the earliest types of evaporators 
it was usual to evaporate the liquor 
in open pans, the steam escaping from 
.the surface of the liquor. Vacuum 
evaporators are now exclusively em- 
ployed because : — 

(1) The vapour tension of the free 
sulphuric acid becomes less, 
since the liquor temperature is 
close on 50° C. instead of 100° (J. 

(2) The temperature difference be- 
tween the steam and the lii^uor 
becomes very much larger, thus 
enabling the employment of a 

' very much smaller heating sur- 
face (and consequently lower 
costs) for the same output. 

The purity of the sulphate obtained 
will depend on various factors, the main 
impurities being water and sulphuric 
acid, which in their turn depend upon the content of sulphuric acid in the mother 
liquor, and the degree of washing. The lower the acid content in the liquor, 
the less will be the acid and water content in the final product. This will be 
clear from the following analysis of finished producer gas sulphate : — 


Acidity in original sulphate liquor, per cent . 

2 

1 

Nil 

rAmmonia content, per cent 

24*60 

25*25 

25*38 

Sulphate - Moisture content, per cent 

3*00 

1*40 ' 

about 1*0 

iHgSQ^ content, per cent . 

•35 

*1 

1 

*013 
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The last sulphate was obtained on the two-stage absorption process from a neutral 
liquor (as described in reference to fig. 294). When subjected to further drying in 
a steam- jacketed pan, the sulphate analysis became as follows ; — 

NHg per cent =25*57 
HgO „ = trace. 

The colour of the sulphate made from producer gas is generally quite white- 
when it leaves the centrifuge, but, due to the presence of minute traces of organic 
dye-compounds contained in the sulphate liquor (originating from the tar), the 
sulphate gradually acquires a greyish or brownish tinge. 

If, as in some neutral sulphate processes, the liquor becomes slightly alkaline, 
the colour of the salt will also be affected. (Similarly, exposing the sulphate to 
daylight or the sun’s rays quickly darkens the colour, for which reason sulphate 
stores should have no windows and should be artificially lighted. 

The steam requirement of the evaporator depends on : — 

(a) The concentration of the*sulphate in the liquor. 

(b) The temperature of the sulphate liquor on entry to the evaporator. 

(c) The quantity of mother liquor drained from the salt. 

(d) Kadiation and leakage losses. 

Of the four causes for heat consumption the last three are, on a well-operated 
j)laTit, of minor importance in comparison with the first. The quantity of water 
to be evaporated per unit w-eight of sulphate for sulphate liquors of varying specific 
gravities is clearly indicated on the curve plotted in fig. 293. Obviously from a 
heat conservation point of view the concentration of sulphate in the liquor should 
be maintained as high as possible ; thus at 40^ Tw. (1*2 sp. gr.) 2 tons of water are 
to be evaporated, while at 30^ Tw. (I*f5 sp. gr.) 4 tons of water are to be evaporated 
])er ton of sulphate made. The possibility of maintaining a high concentration 
of sulphate in the liquor depends upon the ammonia absorbing system of the gas 
cleaning plant, in so far as the circulating liquor will gain in specific gravity so long 
as the moisture in the gas is prevented from condensing in the absorbing system. 

The curve in fig. 293 is calculated- on the basis of the figures given in Table 69 
(for specific gi’avities at 15° 0. of sulphate of ammonia solutions in pure w’ater), it 
having been assumed that the mother liquor which is not evaporated will contain 
about 8 to 10 per cent of sulphuric acid, and that the temperature of the tested 
liquor will be 75° C. 

In connection with the use of specific gravity determinations of hot liquors, 
it should be borne in mind that the specific gravity is less at high temperatures than 
at atmospheric. A solution of 36° Tw. (18° C.), for instance, has a specific gravity 
of 31° Tw. at 80° C. 

Due to the greater ease wherewith ammonium sulphate free from sulphuric 
acid and properly dried can be handled in agriculture, a market price can be obtained 
for these products very much in excess of the corresponding increase of ammonia 
content. 
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Table 69 

Specific Gravities (at 15° C.) of Sulphate of Ammonia Solution in 
Pure Water (Lunge) 


' cent. 

Sp. gr. 

Per cent. 

8p. gr. 

]*er cciit. 

S|). gr. 

1 

1-0057 

18 

1-1035 

35 

1-2004 

2 

1-0112 

19 

1-1092 

36 

l-‘2060 

3 

1-0172 ' 

20 

i-1149 

37 

1-2116 

4 

1-0230 

21 

1-1207 

38 

1-2172 

5 

1-0287 

22 

1-1265 

39 

1-2228 

6 

‘ l-()345 

23 

1-1323 

40 

1-2284 

7 

1-0403 

24 

1-1381 

41 

1-2343 

8 

1-0460 

-25 

1-1439 

42 

1-2402 

9 

1-0518 

26 

1-1496 

43 

1-2462 

10 

1-0575 

27 

1-1554 

44 ' 

1-2522 

11 

1-0632 

28 

1-1612 

45 

1-2583 

12 

1-0690 

29 

1-1670 

46 

1-2644 

13 

1-0747 

30 

1-1724 

47 

1-2705 

14 

1-0805 

31 

1-1780 

48 

1-2766 

15 

1-0862 

32 

1-1836 

49 

1-2828 

16 

1-0920 

33 

1-1894 

50 

1-2890 

17 

‘ 1-0977 

34 

M948 
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There are many ways in which such a salt can be obtained, as will be obvious * 
from the various proposals made in the lighting gas and coke oven industries during 
the last few years. 

Here we shall describe only one process which has been in successful operation 
for four years at a Mond gas plant in Scotland (British Patent 140505, W. J. 
Chrystal). 

Fig. 294 shows in part elevation and part vertical section a diagrammatic 
illustration of the absorbing vessel employed. By means of a vertical gas- and 
liquor-tight partition plate 3 the absorbing vessel is divided into two compartments 
1 and 2, in each of which sulphate liquor is sprayed into the gas current by means of 
the rotary spray dashers 4. 

In operation the liquor in compartment 1 is allowed to become neutral ; then 



a (juaiitity is run off to the liquor storage tanks, while the liquor l^vel in compart- 
ment 1 is restored by opening the cock 5, and running in acid liquor from the second 
compartment 2, in which the liquor is maintained of constant acidity of 2 to 3 ])er 
cent sulphuric acid. 

In other words, in compartment 1 the gas is used to neutralize the liquor, while 
in compartment 2 the liquor is used to strip the gas of ammonia. 

Although, as mentioned on p. 404, direct cooling and ammonia absorption 
plants have proved to be the only successful method of treatment of crude by- 
product producer gas on a large scale, mention should here be made of two systems 
of indirect types which have been built and actually operated for some time. 

Fig. 295 shows a diagram of Thyssen’s by-product producer gas plant built 
in Germany in 1914.^ This plant consists of mechanical grate gas producer a, 
1 Roser, Z d. V. d. J., October 16. 1920, 
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with tubular air blast super-heater b, the gas being cooled in primary and secondary 
indirect tubular gas coolers c and g, between which is placed the ammonia saturator/ 
(similar to a direct recovery coke oven gas plant), d is a tar separator, h a water 
separator, and e a gas boosting fan, while m is the water tank, and n the tar tank. 
The air is sucked through a filter I by the fan k, and passed through an air saturator 
i of the direct type, in which it is washed with the hot water obtained by cooling 
the gas in the gas coolers c and g. 

The advantage of operation of such a plant is mainly to be found in a lower 
moisture content in the tar ; the disadvantages, however,.' are higher first cost, 
and that the condensate from the gas in cooler c will contain an appreciable amount 
of ammonia, which it is not economical to recover. As will be seen below, such 



ammonia loss can be practically avoided if the gas cooler be designed on the reflux 
principle (with (Upward instead of downward flow of gas), thereby causing the re- 
evaporation of any ammonia absorbed from the gas by the condensate. 

Figs. 185 and 186 show the Moore type of indirect gas cooling and condensing 
plant, which consists of a series of small gas cooling tubes, with which the outer 
air comes in contact, the tar is separated in a P. & A. extractor, while the 
ammonia is scrubbed out from the gas in two packed tower scrubbers in series. 
According to information received from the makers, the direct cooling system is now 
preferred with this type of gas producer plant ; as in the case of the Thyssen plant 
just described, the main condensate (obtained in the atmospheric cooling tubes) 
would appear to be too dilute in ammonia content to enable the latter to be 
economically recovered. 
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PRODUCTION OF AMMONIA LIQUOR 

The amount of ammonia gas that can be absorbed in pure water depends 
upon the temperature and the partial pressure of the ammonia in the gas. Table 
70 gives the solubility coefficients of ammonia (viz. grammes of NHg absorbed by 
100 grammes of water) and carbon dioxide at various temperatures. 


Table 70 

Solttbility Coefpkuents of Ammonia and Carbonic Acid 


Temporaf ure ® C. 

Gr. NH, 
l()0“Gr. H,()‘ 

G r. COg 

100 Gr. H'O' 

4 

80*9 

•287 

10 

68*4 

•23 

'20 

^ 51*8 

-17 

‘ 30 

40*8 

•125 

40 

33*8 

•097 

50 

28*4 

•076 

CO 

23*8 

•058 

70 

19-4 


80 i 

15*4 


00 

11*4 


100 

7*4 



The figures given indicate at 50° C.) that when pure ammonia gas (partial 
pressure = 700 llg.) is in contact with pure water, and the two are in equilibrium 
(conq)lete saturation), then 100 grammes of water wiU absorb 28*4 grammes of 
ammonia {i,e. the solution would contain 2‘A-l per cent of ammonia by weight). 

But of a producer gas where, say,^J^jth part is pure ammonia gas {i.e, the partial 

. 760 " . 

pressure of the ammonia = ^ ‘h8 mm. mercury), only ^ ()th part of 28-4 grammes 

avKJ 

of ammonia will be absorbed in 100 grammes of water when the water and the gas 
are brought into contact at 50"" C., the ammonia “ solution ” thus containing 0*144 
grammes NHg per 100 grammes of water (i.e. a 0*14 per cent solution). Similarly 
at 4° C. the solution in equilibrium with a producer gas containing 0*5 per cent of 
ammonia gas will be 0*4 per cent. 

Given the temperatures of the gas and water, and the concentration of ammonia 
in the gas, it is thus easy to determine the quantity of ammonia it is possible to 
absorb per unit weight of water. Obviously, the larger the quantity of condensate 
the larger will be the total amount of ammonia removed from the gas, but^the higher 
the temperature of the condensate the smaller will be the total amount of ammonia 
removed. The higher the saturation temperature of a gas (with a given total 
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quantity of ammonia) the lower will be the concentration (or partial pressure) of the 
ammonia gas. 

Consequently that indirect type of cooling plant in which the condensate leaving 
the plant has the highest temperature and is in contact with the hottest gas will 
contain the smallest amount of ammonia. Such conditions only exist in coolers in 
which the condensate travels in opposite direction to the flow of gas, viz. coolers 
of the reflux type. Since the concentration of ammonia in the condensate is so 
low that its economical recovery is out of the question, reflux coolers only should 
be employed when it is desired to maintain the ammonia conj^ent in the gas leaving 
the cooler as high as possible. 

Given ammonia in a cold producer gas, one might assume from the above state- 
ments that it would not be possible to wash it out by water, as completely as is usual 
in lighting gas practice. This would be correct so long as the producer gas did not 
contain gases which, when once absorbed in water, would absorb ammonia. Due, how- 
ever, to the presence of COg in producer gas (of a concentration many times larger 
than that of the ammonia), the law of partial pressures and the solubility coefficients 
of eitlier gas cannot be stringently applied for temperatures below 50** to 60"^ C., 
since for this temperature range the salts of ammonia and carbonic acid are stable 
and are absorbed in water more or less independently of the partial pressures of 
either NHg or COg in the producer gas. 

To obtain a strong solution of ammonia (mainly as carbonates) it is, however, 
essential to cool the gas to a low temperature unless very large time factors be allowed 
for in designing the ammonia scrubbing plant. With clean juoducer gas the problem^ 
of manufacturing ammonia liquor is no different from that in general gas works 
practice, or in indirect recovery plants used in coke oven practice, to standard works 
upon which the reader is referred. 


PRODUCTION OF, AMMONIA SALTS OTHERWISE THAN BY 
SULPHURIC ACID 

Instead oh scrubbing out the ammonia in cooled producer gas by w^ater, it is 
possible to directly wash the gas by, say, nitric or hydrochloric or any other acid 
solution which would have a reasonable affinity for ammonia and which would not 
volatilize in the gas. Given a suitably designed absorbing plant, there should be no 
hindrance against manufacturing other ammonium salts in this way. 

Processes which enable the producer gas plant to become independent of outside 
acid supplies have often been proposed, but none have yet reached a stage of finality. 

In 1889 Dr. L. Mond stated that experiments had been made for a considerable 
time at Winnington with the addition of common salt or brine to the coal charged 
into the producers, the salt eliminating its chlorine on heating and combining with 
tl^^ ammonia, the latter being recovered as ammonium chloride. This absorption 
method was substituted by using sulphuric acid, thus eliminating any anticipated 
corrosion difficulties (due to the formation of free hydrochloric acid), if brine were 
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added in excess of the ammonia or any loss of unabsorbed ammonia in case insufficient 
brine were added. 

Doubtless with the market prices of sulphuric acid and brine (or salt) such as 
then existed, there was no particular advantage attached to such a method. With 
a cheap supply of brine against an expensive supply of sulphuric acid, the same 
conditions no longer apply. It would appear, however, that this method of absorp- 
tion has not so far been put into commercial operation anywhere. 

The treatment of a calcium sulphate solution by the ammonia and COg has been 
successfully employed in Germany in the synthetic ammonia industry for the pro- 
duction of ammonium sulphate with simultaneous separation of calcium carbonate. 
This method of eliminating the use of sulphuric acid can, however, only be applied 
at high partial pressures of ammonia and COg, consequently it would appear that it 
is not applicable to ordinary by-product producer gas practice. 

Processes in which the sulphur in the coal is to be used for the purpose of 
combining with ammonia, such as the Feld, Cobb, and Burkheiser type, are described 
on pp. 422-425. s 


RECOVERY OF TAR FROM BY-PRODUCT PRODUCER GAS 

Various means for separating tar from the point of view of gas cleaning have 
been described on pj). 390-403 ; further, we have seen on p. 405 that tar is separated 
from the gas in a similar way when cooling the gas in a direct ammonia recovery 
plant. 

In all of these cases the tar contains water as it leaves the cooling and cleaning 
plant. Previous to submitting such a mixture or emulsion to distillation it is 
advisable to separate the water by settling, or preferably mechanically, otherwise 
the distilling plant becomes cumbersome in design and expensive in operation. 

Fig. 296 shows a type of centrifugal tar dehydrating machine built by the 
Sharpies Speciality Company, U.S.A., which machine has been successfully employed 
for dehydrating Moiid gas tar. 

The machine consists of a revolving bowl 28 suspended vertically on a baU 
bearing 8 at its upper end, where it also carries a steam turbine wh'jel 4, by means 
of which it is rotated at a speed of about 17,000 R.P.M. At the lower end the bowl 
is guided in a bushing 43, at which point is also fixed the tar inlet connecting pipe 
54. The hollow bowl is partially closed at its upper end by an amiular plate, to 
the outer and inner spaces of which are connected two discharge chambers 34 and 
26, each fitted with a spout. 

On revolution the centrifugal force causes the heavier tar to separate itself from 
the water, forming, so to speak, a tar cylinder round one of water, the latter being 
discharged centrally into chamber 26 and tar into chamber 34. 

The separation of a low^ temperature producer gas tar of 1*05 specific gravity 
and containing 35 per cent moisture into tar containing 1 to 2 per cent moisture 
can be effected in the course of a few minutes. 

To separate as much of the tar from the gas in a hot state, above the dew point 
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Fig. 296. — ^Tar Centrifuge. 
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of the gas (in reference to moisture) many German low temperature tar plants employ 
centrifugal washers (so-called disintegrators), in which the gas is washed with a hot 
oil or tar, which strips the main quantity of tar from the gas. Plants in which 
disintegrators are used for this purpose are shown in figs. 297 to 302, 

Fig. 297 shows the tar separating and gas cooling plant which is used on the tar 
recovery producer built by Akt. f. Brennstoffvergasung for bituminous coal. After 
leaving the mechanical retort (see p. 300) the gas passes through a dust separator 
into the disintegrator, to which hot washing tar is supplied from an overhead tar 



tank and pumped back again after use. Any excess tar is allowed to overflow into 
an underground tar storage tank. 

Previous bo entering the cooling tower the gas ’is passed through a baffle type 
tar separator, thus ensuring all tar drops being retained. After cooling and separa- 
tion of any mechanical water spray, the cool and clean gas enters the hot gas main 
and is thus passed on to the furnaces, together with the coke gas from the producer. 
The condensate from the cooler is passed into a well, in which the tar is allowed to 
settle out, and from which it may be passed at will to the underground tar tank. 

Fig. 298 shows a section through a plant built by the same firm in connection 
with the gasification of brown coal (for producer description see p. 186). On leaving 
the producer the gas passes through large dust separators, then through a disintegrator 
and vertical tar washer, in which the tar is largely washed out in a hot state. The 
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gas is finally cooled in two towers, the first one of which is ()])erated in conjunction 
with an air saturator. 

The main point of interest with this design is that it illustrates a method 
employed for drying the moist fuel previous to introduction into the gas producer, 
part of the gas being })urnt for this purpose in a furnace. In this, air is heated up 
and passed by an exhauster directly through the ])re-drying device arranged above 
the ])r()ducer, thereby causing the hot air to saturate itself with moisture from the 
wet fuel and so drying the latter. In some cases this method is employed for 
supplying the steam for the ]>r()ducer air blast Jn which case the separate air saturator 
in the gas washing system is eliminated. 

Fig. 299 shows a diagram of the gas cooling 
and cleaning plant used by Allgemeine Vergasungs- 
'"f gesellschaft, for ])r()ducer gas from moist brown 

coal. The ])roducer is shown in detail in fig. 199. 

^ U , The gas leaves the ])roducer in an inclined pipe. 

which discjiarges into a lute pot and hydraulic 
^ - j" valve, connected to a gas collecting main. Tar 

r-r-T separated out in a hot state in a Theisen type 
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Fig. 298. — Tar Rkcovery Tlant for Brown (Ioai. (Tvpe A.B.V.). 


disintegrator (see fig. ^100), at the outlet of which a tar spray catcher is provided. 
Leaving the tar separating plant, the gas may be passed through a sulphate 
ammonia absorber (not shown in diagram), previ(uis to entering the c.ooling tower. 
The latter is of the direct cooling type and divided into three compartments, viz. 
the upper one, which is a gas cooler ; the middle one, which serves as an air 
blast saturator ; and the lower one, which is a water cooler. In the upper 
compartment the water is heated up by the gas, while in the two lower ones 
the water is re-cooled by air. To obtain an intensive water cooling in the lower 
compartment air is passed through the same by a low pressure fan and exhausted 
to atmosphere. 

"" A combined cooling tower of this type is likely to become cumbersome on account 
of its great height, but if properly dimensioned there appears to be nothing to 
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Fig, 300 — Theisen’s Disinteoratoii. 
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gas is finally cooled in two towers, the first one of which is ()])erated in conjunction 
with an air saturator. 

The main point of interest with this design is that it illustrates a method 
employed for drying the moist fuel previous to introduction into the gas producer, 
part of the gas being })urnt for this purpose in a furnace. In this, air is heated up 
and passed by an exhauster directly through the ])re-drying device arranged above 
the ])r()ducer, thereby causing the hot air to saturate itself with moisture from the 
wet fuel and so drying the latter. In some cases this method is employed for 
supplying the steam for the ]>r()ducer air blast Jn which case the separate air saturator 
in the gas washing system is eliminated. 

Fig. 299 shows a diagram of the gas cooling 
and cleaning plant used by Allgemeine Vergasungs- 
'"f gesellschaft, for ])r()ducer gas from moist brown 

coal. The ])roducer is shown in detail in fig. 199. 

^ U , The gas leaves the ])roducer in an inclined pipe. 
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Fig. 298. — Tar Rkcovery Tlant for Brown (Ioai. (Tvpe A.B.V.). 


disintegrator (see fig. ^100), at the outlet of which a tar spray catcher is provided. 
Leaving the tar separating plant, the gas may be passed through a sulphate 
ammonia absorber (not shown in diagram), previ(uis to entering the c.ooling tower. 
The latter is of the direct cooling type and divided into three compartments, viz. 
the upper one, which is a gas cooler ; the middle one, which serves as an air 
blast saturator ; and the lower one, which is a water cooler. In the upper 
compartment the water is heated up by the gas, while in the two lower ones 
the water is re-cooled by air. To obtain an intensive water cooling in the lower 
compartment air is passed through the same by a low pressure fan and exhausted 
to atmosphere. 

"" A combined cooling tower of this type is likely to become cumbersome on account 
of its great height, but if properly dimensioned there appears to be nothing to 
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After passing through the rotary filter the gas traverses a stationary filter or 
spray catcher which removes the last tar traces before the gas leaves at outlet 
connection g. On revolving the drum passes through the tar contained in the tank 
at the base, thus maintaining the tar filtering surfaces clean, while any separated 
tar is allowed to overflow from the tank. Additional cleaning of the filtering 
material is effected by an internal tar spray obtained by feeding tar from the over- 
head tank a into the fan rotor, which latter atomizes the tar effectively. The 
quantity of tar used for this purpose is about 0-15 kg. per cub. m. gas. 



A test made on removing tar fr^^m producer gas made from peat and brown 
coal showed the following results : — 


Gas passed 
Tar in crude gas 
Speed of fan 
Power consumption 
Gas pressure increase . 


3500 to 4000 cub. m. per hour (temp. C.). 
25 grammes per cub. m. (96 per cent separated). 
1140K.P.M. • 

about 3*5 to 4 B.H.P. 

30 mm. W.G. 


With a gas containing more or less coarse dust it would appear that such filters 
might require periodic re])lacement ; it is, however, claimed that since the filter is 
always maintained oily by the warm tar there is no tendency to clog up the filters 
with dust. 
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POSSIBLE PROCESSES FOR RECOVERING OR REMOVING 
SULPHUR FROM PRODUCER GAS 


As we have seen from ]>. 1 ] 5, nearly all the sulphur in the fuel is converted into 
hydrogen sulphide when the gasification is carried out by a mixture of air and 
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steam. Of this hydrogen sulphide about 
50 to 00 per cent is generally retained in 
the cold clean gas. 

At the present market j)ri(‘e in Europe 
of sulphuric acid or of the sulphur-contain- 
ing bodies used for its manufacture, no 
great commercial advantages are likely to 
be obtained by removing the sulphur from 
the gas as such. 

^uite apart from this doubtful value 
of the sul])hur as a by-prodyict, cases do 
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exist in whicdi a gas low in sulphur content is desirable, thus rendering its more or 
less complete removal an advantage. 

Yet another case where removal of the sulphur may become desirable is where 
sulphuric acid for ammonia absorption is not obtainable at a reasonable market 
price, and this case does exist in certain colonial districts. 

To enable the reader to obtain a general idea as to the principles of various 
processes either actually used or proposed for the removal of hydrogen sulphide 
from gases (not particularly producer gas), an outline of the following processes will 
be given : 
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(1) Dry purification by bog iron ore with intermittent aeration. 

(2) Wet purification by ferric hydroxide with continuous aerati()n. 

(3) Combined ammonia and hydrogen sul])hide removal }>rocesses such as- - 

(tt) Burkhciser ferric hydroxide process. 

(h) W. Feld’s polythionate process. 

(c) Prof. Cobb’s zinc sulphate process. 

(1) This process is the one used in nearly all lighting gas works ; it has been 
successfully employed for producer gas in cases ^herc the cost of removing sulphur 
from a small quantity of ])roducer gas did not make its application prohibitive. 

As is well known, the hydrated iron in the bog iron ore combines with HgS, 
forming iron-s\ilphur compounds ; when the material is saturated with sulphur 
(fouled) it is removed from the purifier and revivified by exposure to the atmosphere 
(or revivified in situ), the iron being leconvcrted to its hydrated state, and the 
sulphur being retained in a free state in the mixture. 

Since the purifying area re<piired has to be at least five times as large as that 
used for sawdust scrubbers for bituminous })roducer gas, it is obvious that the first 
ca])ital outlay becomes extremely high and causes a considerable increase in the 
working costs of the ])roducer gas plant.. 

At ])resent it does not a])]>ear that any such process has a future in comicction 
with sul]>hur remv)val from ])roducer gas. 

(2) With the object of avoiding the interruptions in working caused by re- 
vivification of the dry material and to effect a more rapid absorption various 
])rocesses ha ve been ])roposcd for suspending hydrated iron in water, or other solutions, 
and for washing the cold and clean gas with such a mixture. The sludge or suspen- 
sion, after being sulphided by the gas, is passed through a second washer, in which 
it is washed with air, thus reconv^rt.ing the iron in the sludge into its active state. 

On behalf of the Power Gas (V)r])oratioii the author has carried out extensive 
research on removal of sulphur from producer gas by thisjnethod. 

The plant employed ^ consists twe washers, through which the sludge is 
passed in series. In the one washer the gas is stripped for hydrogen sul])hide, 
while in the second air is circulated until it is ])ractically stripped orf all its oxygen 
content. 

The results showm in table on following })age were obtained over a continuous 
operating ])eriod of hours on such a plant using producer gas of about 15"" C. 
temperature, freed from tar and ammonia. 

The absorption efficiencies obtained arc ipiite satisfactory to enable the gas 
from sulphur rich fuels to be utilized without detriment, wdiile the sludge obtained 
can in its dry state be used for the manufacture of sulphuric acid. 

A drawback to the process, as it exists at ])rescnt, is the cost of sup])lying 
absorbing materials, since no cheap method yet exists wdiereby the sulphur can 
be extracted from the sludge, and the iron compounds in the same retain their 
absorbing affinity for hydrogen sulphide. 

^ See British Patents, Nos. 153665, 162554, N. E. Rambush. 
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Ko. of 

Working Hours. 

Cub. ft. of Gas 
treated. 

HjS Content in 
untreated Gas in 
gr./eiib. in. 

Absorption 

Efficiency. 

Per cent free 
Sulphur 
in Sludge. 

]9| 

5367 

;M42 

74-5 


28 

7573 

4-222 

82-7 


10 

3460 

5-564 

78-7 


Di 

3127 

4-121 

80-2 


2()i 

5947 

5-122 

72 

40 

24 

6092 

4-874 

85-5 


24 

8996 

5-00 1 

77-6 


24 

8117 

4-251 

78-2 


211 

5267 

5-583 

84-7 


24 

8047 

5-568 1 

80-3 


26 

9421 i 

4-271 i 

66-8 

71-6 

211 

6207 i 

4-297 

74-6 •• 


21 

6210 

6-746 

85-9 ‘1 

•- 

24 

5773 

3-919 

68-9 


24 

5928 

5-848 

79-7 

73-4 

251 

5683 

4-486 

76-0 



With the present market prices for sulphur it will be found that a sulphur 
recovery plant will not yield any appreciable return on the capital invested unless 
fuels very rich in sulphur are being gasified. 

(за) In the Burkheiser process, which has been employed in towns’ gas practice, 
a ferric hydrate sludge is used as the absorbing agent. 

By conversion of the absenbed sulphur by burning into sulphur dioxide an 
ammonium sulphite solution is obtained by combination with the ammonia in 
the gas. This ammonium sulphite is ‘converted into the sulphate by successive 
oxidation. 

This j)roc^s is said to be unsuitable for worx in connection with producer 
gas, on account of the high COg content of the latter ; while so far as towns’ gas 
plants are concerned difficulties are said to have occurred in connc'ction with the 
reactivation of the ferric hydroxide. 

(зб) The Feld process, which has been in use on coke-oven plants in Germany, 
is based upon the principle of washing the gas with a solution of ammonium poly- 
thionates (mainly tetrathionates), which when heated up in the presence of BOg 
gas (made by burning the precipitated sulphur) causes the thionates to decompose 
into ammonium sulphate and free sulphur. 

Very little has been published as to the success of this process, but so far as 
both this and the Burkheiser process are concerned it is essential to have a clean 
c6ld gas containing both sulphur and ammonia, and the latter is to be in excess 
of the former, in case complete sulphur elimination is required. 
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Since to retain the ammonia in the cold producer gas is an expensive procedure, 
it would appear that neither of these two processes is likely to be used in connection 
with the separation of sulphur from producer gas. 

(3c) In Prof. Cobb’s process the gas containing ammonia and hydrogen sulphide 
is washed \yith a solution of zinc sulphate, whereby the ammonia is converted into 
ammonium sulpliate, and an equivalent amount of hydrogen sulphide is converted 
into zinc sulphide. The sul])hidc is separated from the ammonium sulphate solution 
by filtration, dried, and burnt to SOg, which in the presence of oxygen (excess air) 
is passed into a suspension of zinc oxide (reiiyiining from a previous roasting) in 
water, whereby a zinc sulphate solution suitable for washing the gas is obtained. 

In accordance with a recent communication received from Prof. Cobb a })lant 
of this type for making one ton of sulphate of ammonia per day from Mond gas, 
without the use of sulphuric acid, is being tried out at the works of the Farnley 
Iron (bmpany, near Leeds. 



CHAPTER VI 

GAS FLOW PLANT AND APPARATUS 

In this chapter wc shall not concern ourselves with the detailed design of machinery 
for causing gas or air flow (such information being obtainable from standard text- 
books on this subject), but with — 

(1) Pressure conditions on gas producer ])1 ant. 

(2) Quantity and density of gas or air to be handled. '' - 

(3) Types of machines used for causing gas flow. 

(4) ihessure and volume regulation. 

(5) Gas piping and gas distribution. 


(1) PRESSURE CONDITIOxNS ON GAS PRODUC ER PLANT 

It has been (uistomary for many years to distinguish between suclion gas plants 
and pressure gas plants, but from the engineer’s or the designer's point of view the 
only real dilTerence between two such plants working under the same load conditions, 
and using the same fuel, is that the ])ressure relatiou. between the gas (or air) and the 
atmosphere differs slightly. The main features of the whole plant, the total ])ressure 
loss (or the power required to cause the gas flovv), and the gas quality are in no wav 
altered whether “ suction ” or “ pressure ’’ gas is made. 

Except in the single instance of a combined gas engine and gas producer, where 
the suction stroke of the engine causes the gas flow through the plant, it is generallv 
found of advantage to deliver the gas at a certain pressure to the j)lace where it is 
to be used. Sometimes this gas pressure is obtained by su})plying the air and steam 
mixture at a sufficiently high pressure to overcome the whole resistance in the gas 
producer plant, the gas and air thus being always at a pressure above the atmosphere. 
In other cases a gas handling machine is employed, which suc;ks the air and steam 
mixture as well as the gas through the producer and cooling plant and delivers 
the gas at a pressure to the sup])ly mains, the gas thus being ]:)artly under suction 
and partly under pressure. Further cases exist in which the air and steam mixture 
is supplied under pressure to the producer, while a gas handling machine may receive 
the gas at a pressure below and deliver it at a pressure above atmospheric. 

The particular simplicity attached to a combined gas engine and gas producer 
plant, i.e. a pure suction jflant, can only be achieved when a fuel is available which 
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is of first-class quality, free from volatile matter, and low in ash content, say, an 
anthracite. In addition to the limitation regarding fuel (juality, it is also necessary 
to diTTiension all y)arts of such a plant so amply that the minimum resistance is 
offered to the intermittent gas flow caused by the suction strokes of the gas engine. 

The decision as to the size and type of machine to be used for causing the gas 
flow depends on many circumstances. The main consideration is the volume and 
weight of gas or air to be handled, and the resistance of (or pressure loss in) the 
plant at the required rate of gas flow ; in other words, uj)on the work to be performed. 
Furthermore, when dealing with fuels producing tarry matter upon gasification, 
and when, in addition, a cold clean gas is required, the gas flow machines are often 
designed with the dual object of cleaning the gas as well as increasing its pressure. 
If such a combined machine is not capable of overcoming the whole of the plant 
resistance, it is necessary, in addition, to supjily the air blast under pressure to 
the yiroducer 

Exce])t in the case of certain semi-gas-fired furnaces, where, due to very ample 
dimensioning, all the work to create the gas flow through the fuel bed and flues is 
effected by the* chimney draught, the gas leaving hot crude gas producers must 
possess such a pressure tliat the necessary gas flow through piping and flues to the 
furnace can always be maintained, r.c. the pressure of the air and steam mixture 
is to be high enough to overcome the total resistance of the fuel bed, the producer 
connections, and the i)ij)ing and flues. 

Wlien dealing with fuels producing a large quantity of dust during gasification, 
which has to be removed from dry dust separators or scraped away without inter- 
ru])tion of the working of the plant, it will be found an advantage to maintain the 
hot crude gas at a pressure ahoir the atmosphere, so that when dust outlets and 
])oking and cleaning holes are ojiened no air is admitted info the crude gas, the 
effect of which might cause the formation of explosive mixtures, the ignition of 
which would have disastrous results. If in such cases the plant is provided with 
an air handling, as well as a gas handling, machine, it is advisable to introduce 
])ressurc controlling appliances whereby the gas, while above, say, lOO"^ to 200'' (J., 
is automatically yuevented from ever falling below atmosplieric yuessure. 

The addition of a small quantity of air to the gas when under auction, say due 
to leakages, is of no harm so long as the oxygen content of the gas does not reach 
or exceed the minimum for exy)losive mixtures. Indeed it may be rightly said that 
within limits it is better for the air to leak into *the cold gas than for some of the 
gas to be lost by leaking into the atmosy)here. 

Sy)eaking generally, there is no danger attached to handling producer gas 
which is not hot so long as the oxygen content does not exceed 2 to 2| per cent. 
In 'making this remark it should be emphasized that it cannot be considered an 
advantage to add air to the gas in the y)roducer gas y)lant, because this means that 
larger volumes have to be handled with consequent increased power consumption. 
Furthermore, when air is added to y)roducer gas having a temy)erature above the 
ignition point (say at the toy^ of a gas producer), combustion of the gas takes place 
with consequent thermal loss. 
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(2) QUANTITY AND DENSITY OF GAS OR AIR TO BE HANDLED 

The specific gravity of the gas and the volume of air to be handled for its 
formation varies with the fuel and tlie design of plant, as will be obvious from the 
following table : — 


Tabl- 71 


Densities of Various Gases and their Required Air Volumes 


Producer Tyin 

SlafiRing 

Producer 

Mot Oa.s 
Producer. 

Self- 

vaporizing 

roduci'r. 

Small 

Producer. 

^ ( ini- 
Alond 
Pro.liicei. 

liow Tein|). 
Recovery 
Producer. 

Fuel . . ... 

(V»kc 

Coal. 

Viithracite 

Peat 

Coal. 

Coal. 

0(18 AnalyshH : 









1 

5 

7-5 

10 

HO 

8-3 

CO 

33 

27 

24-0 

21 

17-5 

20-5 

CH, 

•5 

4 

1-2 

3-5 

33 

.5-5 

11, 

1-U 

12 

16-5 

13 

*21-5 

20-5 

N, 

(i4-5 

52 

50-8 

52-5 

46;7 •. 

44-9 

Sppcitic gravity of gas at N.T.P. in 







reference to — 







Dry air at N.T.P. 

O-Oti 

0-87 

0-858 

0-892 

0-823 

0-804 

Kg. per cub. m 

1-243 

1 120 

1-109 

M53 

1-063 

1 040 

Specific gravity of ga.s at 15” C. arul 







saturated, in reference to — 







Dry air at N.T.P. 

0-1U7 

0-822 

0-810 

0-841 

0-777 

0-76 

Kg. per cub. m 

M71 

1-062 

1-046 

T-087 

MM)3 

0-982 

Volume of dry air (N.T.1\) required 







per volume of dry gas at N.T.P. . 

1 -818 

1 -650 

•644 

•665 

•592 

•568 

Volume of air saturated and at 15"^ C. 


1 

1 




re<p]ired per volume of dry gas at 
N.T.P. ... ‘ . . 

•877 

._J 

•707 

■690 

•713 

•635 

•610 


Note. — 1 cub. m. of dry air at N.T.P. \veigh.s 1-293 kg., and is assumed to contain 7!) por cent 
Nj and 21 per cent O,. 


The volume of air required per unit volume of gas of a given analysis can 
always be calculated on the basis of the nitrogen content of the latter. Since the 
nitrogen content of the fuel itself represents an extremely small fraction of the total 
nitrogen in the gas, it is sufficiently accurate for practical purjioses to assume that 
all the nitrogen (contained in the gas originates from the air. In other words, for 

100 

a gas containing 52 per cent the air required for gasification == x 52-05*9 per 

( y 

cent of the gas volume. 

To obtain a standard of comparison for all gases it is usual to refer these to 
their dry volume at normal temperature and pressure (N.T.P.), viz. a temperature 
of '0*^ C. and an absolute pressure of 760 mm. mercury gauge, but neither the gas nor 
the air to be handled in practice will ever be in this state. 
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The effect of the moisture content upon the gas volume may be considerable, 
especially in hot humid climates, or when the gas to be dealt with is insufficiently 
cooled. By reference to Table 67 on p. 270 the volume increase due to the moisture 
content of saturated gases may be readily determined for all gases having an absolute 
pressure of, about 760 mm. Hg. If the gas or air is supplied at a temperature above 
its saturation temperature, the necessary volume correction may be made by treating 
the expansion of the gas from its saturation point to any higher temperature, as in 
the case of the expansion of a permanent gas. 

The effect of the temperafurc upon the gas or air volume may be of importance 
in hot countries or when the gas is handled hot. Correction for volume alteration 
due to heat is made in accordance with Gay-Lussac’s law, which states that when 
under constant jiressurc the thermal expansion of a permanent gas is proportionate 
to the ratio between the absolute temperatures of the gas previous to and after 
expansion, i.c. for each degree Centigrade rise in tem])eraturc, the gas expands .^rd 
part, of its volume. 

The effect of j/ressnre up(m the gas or air volume is generally not of any great 
importance, since the juessure difference between the gas and tlie atmos])here at the 
various stages of the plant is mostly low. The effect of variation in the atmospheric 
])ressure (at different altitudes) may, however, have a considerable influence u])on 
the gas volume, which is inversely ])ro port! (mate to its absolute ])ressure. The 
influence of varying altitude is seen from the following figures : — 


Elevation above ( metres^ . ] 

0 

200 

500 1 

1000 

1500 

2000 i 

3000 

sea level | feet 


656 

1610 

3280 

4920 

6560 

9850 

Barometer })ressure in inin. 

! 







mercury .... 

, 7(i0 

* 742 

' 716 

674 

* 635 

598 



Not only does an alteration in pressure affect the gas volume in this direct 
way, but. since the ratio between stvam and gas in a saturated gas mixture increases 
with a decrease in pnissure, the effect of the ])ressure upon the (piantity of water 
va})our that will be retained in a gas cooled by direct contact wntff water must also 
be borne in mind. 

The following will serve as an example upon the application of the above state- 
ments - 

Assume that a gas or air having a dew-point temperature of 25° C. and an actual 
temperature of 45° C. is to be handled in a plant elevated 1500 m. above sea level. 


Volume of dry gas at N.T.P =1 

mm. Hg. 

Barometer pressure at 1500 m. altitude .... =635 

Partial pressure of water vapour at 25° 0. (Table 67) . = 23'5 

• 

Partial pressure of air or gas . . . . . . =011*5 
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Actual gas mlume : 

, 700 273+0') 

^611 -5^ 273 

In other words, the fras volume under tliese assumed conditions is 45 per cent larger 
tli.'in the standard basts of volume. 

In deciding the size and tv]>e of machine to fulfil the duty of handling the gas 
or air, it is not only nece.ssary to allow for a machine of am])le volume ca])acity, hut 
it should also be examined whether the desired pressure can be attained therewith. 
On most machines it \\ill be found that the pressure difference obtained under (HTtain 
operating conditions alters with the density of the gas. Consequently the highest 
and lowest density (or specific gravity) of the gas or air handled by the machine 
should be defined. Thus for calculation of the exqiected power consunqition the 
highest density should be assumed, while the lowest density is better used as a 
basis for the pressure calculation. 

ft 

(3) TYPES OF MACHINES CAUSING GAS FLfHV ^ 

AVe may subdivide these into three classes, viz. : — 

A. The jet blowers, 

B. The centrifugal blowers, 

C. The positive rotary blowers, 

the first one being an entirely static ap])aratus, while the latter two are mechanical 
devices. 

A. The jet hlowera are the cheapest in first cost and upkee]) charges, and the 
most simple to operate of all. The kinetic- energy of a jet of steam flowing out from 
a nozzle is used to induce air from the surrouncling atmos])here, and by a successive 
expansion of the current of air and steam mixture its velocity head is partly con- 
verted into pressure head (manonietric or static h(‘ad) of sufficient magnitude to 
overcome the ])la^nt resistanct*. 

The steam consumption is generally considerable and mostly very mu(di in 
excess of that equivalent to the jiroduction of the })(>wer re(]uired for supplying the 
air current by mechanical means. ‘ When the blast has to be suj)]>lied at pressures 
above 6 to 8 water gauge the steam consumption may become so excessive as to 
render the use of a jet blower prohibitive. 

But so long as the steam C(msiim))tion does not exceed that which in any case 
is required for admission to the producer, it is clear that no w^aste is taking place 
and no simpler machine could be used for blowing. 

In the cases of jnoducers working under very fluctuating load conditions, or 
where the resistance of the plant is likely to vary considerably, the ratio of steam 
to ajr will alter, sinc(! the steam consumption increases considerably with the pressure. 
Jet blow^ers should for this reason be provided with auxiliary steam supply, or air 
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throttling device, so that the desired blast temperature cm always be maintained or 
controlled independently of the pressure jet. 

Whenever jet blowers are used, or whenever steam is supplied from a main in 
which the pressure is liable to fluctuate, a reducing valve should be installed, so that 
when the steam valves arc once set for a certain load the gas com])osition will be 
independent of any steam pressure fluctuations in the supply main. 

Fig. 304 shows the Meldrum tyjie of steam jet blower, 
which serves as an example of a simple and ])lain design. 

Steam enters the blower through a nozzle A, while air is sucked 
in from the annular space surrounding the nozzle, the mouth of 
which is slightly below the circular air opening. The velocity 
of the steam and air mixture is gradually decreased in the 
trun^pet B, whereby the necessary static 
head of blast is obtained. 

To economize in steam consum])tion 
blowers of the typ«s shown in figs. 30,^-307 
are used, all of, which arc mainly based 
upon the ])rinci])lo laid down in the original 
Kortmg tv])e of jet blowers, viz. that the 
air is sucked in in successive stages, the 
niixlurc from each stage forming a jet for 
injection of the air foi* the next stage. 

Fig. 305 shows the Ledward type of 
stt*am jet blower. Steani (uiters through 
pi])e A, while air is sacked in at B, and 
the blast mixture leaves at C. A funnel- 
shaped casting I) (oj)eii at the top at B) 
surrounds the series of successive jets B, 
giving ample space for the inrushing air. 

is a hand wheel for operating a regulat-^ 
iiig valve for the steam sup})ly whereby 
the discharge orifice for the steam can be 
modified to suit the load conditions. 

Such an arrangement is jireferable to Fm. lion.—LEDWARD- 
that of an orifice of fixed oiiening and Fec^^ktt Stram 
regulation by an ordinary steam stop 
valve ; the orifice for the latter arrangement always has to be large enough to dis- 
charge the steam re(|uircd for the maximum pressure and quantity of air. Con- 
sequently, when the air consumption is reduced, due to low load, the steam will 
be wire-drawn in the sto]) valve and reach the orifice at a reduc’.ed pressure, and con- 
sequently the kinetic energy of the steam jet, in reference to the air volume, will 
be reduced. 

Tests made with a Ledward jet blower handling 250 cub. ft. of dree air per 
minute showed the following results : — 



I 


Ficj. 304 . — .Meldrum 
Stea.m ,1et Blower. 
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Steam Consumption, 
Lbs. per Hour. 

55 . 

110 . 

145 

220 


Air suppJied against 
a Pressure of 

. 2" W.G. 

. 4 " „ 

6 " „ 

. 10 " 


When a smaller quantity of air is to be delivered this is obtained by throttling 
on the air inlet, while so long as the same back pressure exists the steam quantity 
will remain constant. 



Discharge 


Fig. IJOO. — Eynon- 
Evans Steam Jet 
Blower. 


Fio. 307.— Wellman Steam .)et Blower 



Fig. 300 shows Eynon-Evans jet blower, a discharge curve of which is shown 
in fig. 308. It differs from the Ledward type in that a series of small holes are 
prtivided at the base of the expanding trumpet and that the air inlet opening can 
be adjusted in size. 

Fig. 307 shows Wellman’s jet blower, such as is used on the Hughes producer 
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shown in fig. 140. Except that it is used in an inverted position and therefore 
that the condensate drains against the flow, and that the expanding trumpet is 
relatively short, it embodies similar features to the two previously described types. 

Fig. 308 shows two curves representing test results of the Eynon-Evans blower 
when the steam orifice was and respectively. On the diagram air velocity 
(as ordinate] is ]ilotted against steam gauge pressure as abscissae. As the quantity 
of steam discharged (under the same pressure conditions) is, practically speaking, 
proportionate to the area of the jet, it will be evident that the ratio of air to steam 
(blast saturation temperature) is not constant. 

Take, for instance, the conditions of the tv^To jets at 25 lbs. steam pressure, at 



which the air velocities are 1960 ft. and 1540 ft. per minute respectively, i,e. the large 
nozzle will discharge an air volume which is increased 26 per cent, whereas the 


steam discharge is increased as 


9|2 

7 


or 63 per cent, i,e. the saturation temperature 


for the large jet is higher than for the small jet. 

A good idea as to the effect of varying steam pressure upon the pressure of 
the blast mixture can be obtained from fig. 309, which gives the results of two series 
of tests upon a jet blower used on the Chapman producer (fig. 134). The curves 
in full lines refer to the use of a Y diameter nozzle, while the dotted lines indicate 
the results \tith a nozzle. The curve series to the left show the variation in 
pressure obtained, while the series to the right show the total volume of steam and 

28 
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air handled. The Chapman blower is provided with an air throttle, and each series 
of three curves refers to varying air inlet openings. 

If we study the conditions when the steam is discharged at 60 lbs. pressure 
we see : — 


Prossure in W.(J. 

Discharge cui). f(. 

per niin. 

Curve I. . . 0” 

Curve 1.' 

. 2000 

„ III. . . 4-2'' 

., III.' 

. 2425 


i.(\ for higher pressures less air can be blown into the producer with the same amount 
of steam, or the steam quantity in* the blast will increase with the pressure to be 
overcome. 



Actually each design and typ,e of jet blower will have its own specific ])ressure 
and volume characteristics, which will vary with the shape of the steam nozzle, the 
cones in the jet blower, and the length and taper of the expanding trumpet. 

Regarding the velocity and quantity of steam discharged through various sizes 
of nozzles, suffice it to say here that the velocity of the steam discharged from an 
orifice will increase with the pressure difference existing between the two sides of the 
orifice until the so-called critical pressure difference is reached, which for saturated 

itteam is 11 to 12 lbs. gauge pressure ( ratio =0-5774 Y Above 

V abs. steam pressure /' 

this critical pressure the steam velocity will remain constent (about 440 m./sec.). 
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no matter how much the difference of pressure is increased. The reason for this is 
that the pressure in the plane of the escape opening of the orifice always remains 
in the same ratio to the steam })ressure (viz. 0-5774 for saturated steam) ; whatever 
extra pressure the steam therefore possesses at the plane of the escape opening 
causes the sjeam jet to expand without any relative increase in its kinetic energy. 
If higher disciharge velocities are to be obtained from an orifice it is necessary to 
provide this with an expansion nozzle, similar to that used in a De Laval turbine 
jet, thus imparting to the jet a higher kinetic energy. 

The weight of steam discliarged from an orifice does not, however, remain 
constant above the critical ])ressuTe, but increases in direct j)r()j)ortion to its s])e(ufic 
gravity (or its pressure). 

With a plain discharge orifice the total kinetic energy of the jet does increase 
above the critical jnessure (or velocity), not because the velocity is increased but 
because the mass is. 

B. The Centrifiajal Blowers or Fans . — Whereas jet blowers are now exclusively 
used for handling air, the centrifugal or fan-type blowers are also used for handling 
the gas. • 

The distinction between a centrifugal fan and a centrifugal blower is just as 
difficult bo determine as the distinction between a centrifugal blower and compressor. 
So far each Tnanufacturer arbitrarily decides at whi(*h jnessure his machine is to 
be sold as a “ blower ’’ or as a ‘‘ fan.” In most cases the pressures against which 
such machines are arranged to work in gas producer plants do not exceed 15" to 
20" W.G,, which pressures may be said to come within the range of a low pressure 
blower or a high pressure fan. 

A centrifugal blower consists of a fan casing of mild steel (,t cast iron carrying 
one or more bearings for the shaft of the impeller or fan rotor. When used for gas 
the casing contains flanged inlet iind outlet gas connections, and when used for air 
only an outlet connection to the air main is ])rovided, the air from the atmos])here 
being allowed to enter through a central opening in one or both sides of the fan 
casing. Except for this adaptation there is no vital difference between the designs 
of fans used for handling air or gas. 

The gas or air enters the machine axially, and in })assing betweSn the vanes or 
blades of the rapidly revolving rotor the centrifugal force which is thus imparted 
to it is converted into a static, as well as a velocity head of pressure. To enable 
the velocity head of the air or gas particles to be *con v^erted into a static head, the 
casing round the outer edge of the rotor is generally shaped as a spiral of circular 
cross section, thus providing a properly tapered expansion chamber or so-called 
diffuser. Fans without a diffuser chamber have always a lower efficiency and are 
therefore V(‘ny seldom employed in modern plant. 

By altering the number and sha})e of the impeller vanes it is possible to obtain 
operating results to suit very different conditions. The principle of fan vane designs 
cannot be g()ne into in detail here, but reference is made to fig. 310, wliich shows, 
by way of example, five typical designs. 

The shape A is the simplest to make, but having straight radial vanes the 
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efficiency is not as good as the shape shown in B, where the inner part of the vanes 
is slightly curved. 

The shapes shown in C and D are suitable for fans with no (or inefficient) 
diffusing chambers, since the edge velocity of the gas leaving the tip of the vanes 



Fio. :U0 . — Diagrams of Fan Impellkrs. 


is smaller than for shapes A and B. This is particularly applicable to the shape in 
D, which is preferable for gas washing fans working at low pressure differences. 

The shape shown in E imparts a higher velocity to the leaving gas particles 
(for the same fan speed), and is therefore suitable in cases where a high pressure 
is the main object. 

Figs. 311 to 313 show some examples of centrifugal air-blowing f^jns. 



Fig. 311.— Belt-driven Centrifugal Air 
Blower. 



Fig. 312.— Section through 
Air Blower. 


Fig. 311 gives a good idea as to the spiral shape of the diffusing chamber. The 
air enters at both sides of the impeller, while the fan casing is made in four sections, 
the top half being removable for inspection or repair of the rotors. 

, Fig. 312 is a section through a belt-driven air-blowing fan fis made by 
Messrs. Keith & Blackman. This is of the single inlet typie, and therefore provision 
^ must be made in the shaft and bearings to take up the slight end thrust caused 
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thereby. The difference in the cross-sectional areas of the diffusing chamber will 
allow for a good conversion of the velocity head into pressure. 

• Fig. 313 shows a large air fan arranged for direct motor drive, the two machines 
being placed on one common bedplate. 

Fig. 31,4 shows a belt-driven high-pressure gas boosting fan, such as is used 
on many gas producer plants for handling cold and clean gas. The gas enters at 
a flange on one side of the casing, while a drain for condensed moisture and any 



Fig, 313. — Motor-driven Air Fan. 


tarry impurities is provided at the base. The \fholc of the side of the fan casing 
with gas inlet branch (lan be removed for inspection and cleaning of the impeller. 

Other types of centrifugal fans which serve the object of simultaneously cleaning 
the gas are shown in figs. 283, 300, and 301. 

Whether the gas or air is supplied to a given fan under suction or under pressure, 
the difference in pressure at inlet and outlet flanges of the fan will be the same (for 
the pressure conditions existing on most producer gas plants), so long as the specific 
gravity of the gas and the speed of the fan remain constant. 

The pressure difference set up by the fan varies directly as the spt^^ijic gravity 
of the gas. If therefore a fan designed for handling air is to be used for handling 
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gas of 0*75 sp. gr. (ref. air) the gas pressure produced under the same speed and 
volume conditions will he three-quarters of the air ])ressure. 

An alteration in the fan sfecd will affect the volume passed, the pressure 
difference, and the horse })ower. The volume varies direclh/ as the s})eed, therefore 
if the speed is increased 10 per cent the volume ])assed is increased 10 per cent. 
The pressure difference varies directly as the square of the speed, so that if the speed 
is increased 10 per cent the pressure difference is increased 21 per cent. Alternatively 
if a gas of 17*5 per cent less specific gravity were to he handled, a 10 per cent speed 

increase would enahle the fan to 
give the same pressure a,s with tlie 
heavier gas. 

Tlie horse power of a fan for 
handling gas may he ex])ressed as : — 



N- 


in wliich V 


Vx// 
c X 0250' 


-the voliiuie })assed in 
cnh. ft. per minute. 

// = i}ie pressure difference 
in inches water gauge, 
c -the effuaency, wliicli 
may be as high as 80 
per cent for the most 
favourable cond iti ons, 
but may })e as low as 
JO to 50 ])er cent. 

From the equation it will he 
clear that the horse poiver varies 
directly as the cube of the sj)eed, 
so that a 10 per c'.ent s])eed increase 
will recpiire a ‘13 per cent increase 
in tlie power consumed. 

The table on following page will serve as a practical illustration of the above 
remarks. It ref)resents figures given by Messrs. Davidsons as to the volume and 
pressure caj)acities as well as power requirements of their “ Sirocco ’’ fans when 
used for air. 

To explain further the operating conditions of a fan and in particular their 
effect upon the regulation of the working of a gas producer plant, the pressure 
volume characteristics of two different types of gas handling fans are shown in 
figs. 315 and 310 

Fig. 315 represents the test results obtained on a gas washing fan such as 
referred to and shown in fig. 290, and of a rated capacity of 3000 cub. ft.^per minute. 
This fan is designed mainly for the purpose of obtaining an efficient gas washing 
and not particularly with the object of pressure efficiency. It will be seen that* 


Fig. 314. — Centhifitoal Cas Blower. 
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Diam. of 
Fan Rotor. 
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within the eapji^^ity rnii^e of 0 to cub. ft. ])er iiiiniite tlie fan will set up a nearly 
uiiifonn ])ressure dilTorence of about 0" water gauge. On the other hand, if the flow 
of gas tlirough the fan be inereased to. say. (>00() or 8000 cub. ft. per minute the 
pressure dilTerenee yielded by the fan will be negligible. At the same time, the 



0 1000 2000 3000 4000 5000 6000 TOOO 8000 9000 

Volumes in Cubic Feet per Minute • 

Fig. 315. — Pukssukk- volume CiiAitAeTERisTK^ for a (Jas Washing Fan. 


fan efficiency drops considerably with the increase in load, with the consequence 
that the pqwer consumption is very much higher. 

It should be realized that whatever quantity of gas may be supplied to or 
removed from a centrifugal fan, the same will let it jiass through so long as the 
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corresponding pressure differences between the fan inlet and outlet connections 
are maintained. Under such operating conditions there is a possibility of over- 
loading the machine driving the fan, which should be borne in mind, especially 
when designing plants in which the fan is not the only machine which effects the 
flow of gas and where accidental overload conditions are possible, say, due to sudden 
resistance alteration in the plant. 

The curves shown in fig. 316 relate to test results obtained on a gas boosting 
fan, i.e. a machine which is designed with the main object of giving a high pressure 
(or manornetric) efficiency. The curves in full refer to the relation between the 
pressure and the volume obtained at varying s})eeds, while the dotted curves refer 



to the relation between the power consumption and the volume at the same speeds. 
By comparison between these pressure volume curves and that shown in fig. 315 
it will be seen that the shape is entirely different, inasmuch as the volume range 
for uniform pressure difference is very much larger and that the falling off of the 
pressure with increase in volume (above the uniform pressure range) is more rapid. 

The curve A (in full lines) at the base, intersecting with the pressure curves, 
represents the velocity head still remaining in the gas at the fan outlet pipe, which 
may be recovered as static head if a suitable conical expansion piece be attached 
(at continuation of the diffuser). 

AVhen high ^as or air pressures are required and the installation of a centrifugal 
blower becomes inadvisable, due to the consequent high speed of a single centrifugal 
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fan, or the higher cost of a multi-stage fan, or other reasons of preference, positive 
blowers are commonly used on producer gas plants. These machines differ from 
the centrifugal blower not only in construction and operation, but also in the fact 
that the relation between speed, pressure, and volume is entirely different. 

The m\\lti-stage centrifugal blowers or fans do not differ from the single stage 
fans in the principle of their design or opera-tion, since in practically all cases they 
consist of two or more single impellers arranged in series, the gas from the diffuser 
of one impeller entering the centre of the next impeller. There is no limit as to 
either pressure obtained or number of stages, nor are the multi-stage blowers confined 
to large units ; for instance, the Syracuse Industrial Gas Co., U.8.A., supply a 
slow-speed twenty-stage fan blower giving an air pressure of up to 4 lbs. per sq. 
inch for such small capacities as 10 to 80 cubk feet per minute. 

C. The Positive Rotary Blowers . — These machines are made for pressures up 
to 5 lbs. per sfj. inch, and consist of a cast-iron casing inside whi(di revolve either— 

(a) Two rotating members (called rotors), the profile of which is designed on 

the principle of a gear wheel with two teeth, the spaces between the 
“ teeth ” being the air or gas compression s})ace. 

Or 

(b) One ‘c-ylindrical drum jdaced eccentrically in tlie cylindrical blower casing, 

but provided with two or more sliding vanes wliicli on revolution “ scrape ’’ 
the gas or air in the .crescent-shaped space between the casing and the 
drum forward irom suction to pressure branch. 

Tlu; most commonly employed blowers of the twin rotor class are those of the 
Hoots type, of which exanpdes are given in figs. 817-320. 

Fig. 317 shows a section tjirough the most common form of this machine, 
while ])hotogTaphs of machines of this type are shown in figs. 819 and 320. The 
air is sucked in through the filter at the top into a casing of oblong cross section, 
at the end plates of which are supported the two shafts, upon which the opposite 
revolving rotors arc fixed ; these two shafts are provided with a set of external 
gear wheels of ordinary type, generally running in an oil bath, thus ensuring that 
the relative movement of the two rotors is always maintained. To make a reasonably 
tight joint between the rotors as well as the casing, a narrow ledge is ])rovided along 
the largest diameter of the rotor. The pressure'at which the air can be supplied 
(as well as the “ slip of the machine) depends upon the tightness of this running 
joint. 

For each revolution of the rotors a volume equal to 4 V should be })assed 
forward to the air outlet branch at the base were it not for the “ sHp.” The ratio 
of leakage to volume passed increases with the pressure difference and inversely 
with volume passed, thus at very high pressures and slow speed the slip may be 
considerable. For average operating conditions, with, say, a maximum air pressure 
of 24" W.G., the slip should not exceed 30 per cent. Machines of this ty^e generally 
do not work at more than about 300 R.P.M., while for continuous working conditions 
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about two-third.s of their rated speed is more suitable, at which .s])eed the efficiency 
for average size blowers will vary between (iO and 70 per cent. 




Fig. 319. — Belt-driven Roots Blower (Thwaites Bros.). 

^ With the object of obtaining higher pressures (up to 5 lbs. ])er sq. inch) Messrs, 
Thwaites Bros.- design a high speed blower (up to about 1000 B.P.M. maximum) 
in which the rotors are shaT)ed as shown in fig. 318. Due to the extended length ' 
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of the running joint, a small amount of the high pressure air is carried forward to 
the suction side, in the small space beWeen the rotors 
themselves. 

Fig. 319 is a photograph of a belt -driven air 
blower, whjle fig. 320 shows a larger blower direct 
coupled to a steam engine, the steam from which is 
generally eNhaiisted into the gas producers. These 
blowers may be used for handling gas, in which case | 
inlet and outlet branches are ])rovided for the gas })iping. 

Fig. 321 shows an example of a gas exhauster of 
the eccentric drum type. The drum B has its lowest 
tangent in common with the lowest tangemt of the 



Fk;. 320 — Roots ]{lo\vek with direct Steam Engine Drive (Samcelson). 


inside of the blower casing A. A shding vane C 
jiasses right through the drum ; this vane consists of 
twx) ])art,s, the ends of each of which are jirovided 
with nose stri])s or jiacking pieces (a), which fit into a 
guiding slot ]irovidcd in the tw^o end plates of the 
casing A. When B revolves the sliding vane is 
moved diametrically across the drum, thus enabling 
the gas in the crescent-shaped space between k and 
B to be swept forw^ard twice per revolution. 

It is not necessary to have a diametral sliding 
vane (wdiich constitutes tw’o vanes), but several radial 
vanes, each moving in its own slot in the drum B, 



Fio. 321 . —Drum Type Rotary 
Cas Blower. 


may be provided. i i • r + 

Fig. 322 shows a series of constant speed curves of a Boots bhwer, which mdicati 

in a typical way the relation between the volume carried forward at various pressures 
It will be clear that the higher the speed, the greater will be the quatitity passec 


against a given pressure. 



144 


MODERN GAS PRODUCERS 


Fig. 323 shows the actual test result obtained on a Boots blower designed to 
supply air to a gas producer plant at the rate of 400 to 500 cub. ft. per minute. In 



Fig. 322. — J’ressuue- volume Curves tvpical of a Roots Bj..o\ver. 


bhis case tlie number of revolutions is plotted as ordinate, while the air volume 
discharged is plotted as abscissae ; three curves are drawn re])resenting three 
different pressure conditions. 



Fig. 323. — Test Curves of a Roots Blower. 

When comparing the curves in figs. 322 and 323 with those in figs. 315 and 
316 for blowers or fans of the centrifugal type, we obtain an excellent picture of 
the manner in which each type of machine will respond to varying conditions of 
gas producer plant operation. 
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Assuming either machine to run at a constant speed, then we may say that 
within reasonable limits the centri Jugal type machine will produce a constant pressure 
difference independent of the gas volume passed, while the rotary blower will supply 
a constant volume independent of the pressure difference recpiired. 

Supposing that the resistance of the gas ])lant suddenly increases without any 
demand for a larger gas quantity, then the rotary blower will, if running at constant 
speed, still deliver the same quantity of air or gas, but its pressure will increase, 
and consequently also its power consumption. In other words, the rotary blower 
will automatically respond to pressure obstructions, for which reason it is also 
called a positive blower. * * 

Under similar alterations in operating conditions the centrifugal fan will deliver 
less air or gas until the resistance in the plant caused by the flow of such smaller 
quantity of air or gas corresponds to the pressure difference created by the fan. 
With an increase in plant resistance the centrifugal fan will, therefore, require 
less power. 

• • 

(4) PRESSURE AND VOLUME REGULATION 

The voluinc of gas passed through the producer gas plant, and the pressure loss 
caused by the flow,*are two factors which are entirely interdependent (so long as 
the condition of every ])art of the plant in regard to causing pressure obstructions 
is the same), and will stand in suCih definite relation to one another as can be deter- 
mined by the common law's a])plying to the motion of fluids. 

The resistance offered to the gas flow' is, however, also dependent upon the 
state of the plant, say whether the fuel bed is dense or hollow, w'hether dust and 
tar de])osits have been allowed to accumulate at certain places, w'hethcr the gas 
or air valve positions have been altered, etc., etc. 

For ])ractically all installations it is required that the gas leaving the ])lant 
shall be maintained at a constant pressure, wdiatever be •the resistance of the plant 
or the load conditions. This is especially important in eases wdiere the gas is used 
in furnaces, since the amount of excess air in the flue gas can jpe lower if the 
pressure of the gas supply is constant, 

A constant j)Tessure at the outlet of the ])lant can be maintained in different 
ways, the best method depending entirely upon tlie type of plant and the machine 
which is used for causing the gas flow'. 

The behaviour of the various machines used for causing gas flow" under altering 
pressure and volume conditions has already been described, but so far as the plant 
type is concerned it may be said that the means used for pressure regulation will 
alter with the total pressure loss in the yflant at full load and the pressure at w'hich 
the gas is distributed for use. Assume for illustration the case of a bituminous 
by-product producer gas plant in which the total pressure loss may be 30'" as compared 
with an anthracite gas producer jjlant, in which the pressure loss may^be only 
If the gas is to be supplied at a pressure of S" W.G., then the total initial pressure is 
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38" and 10" respectively. If now suddenly the demand for gas is decreased from 
full load to, say, half load, then the resistance offered to the flow will be reduced 
in the one case from 30" to, say, 8", and in the other from 2" to, say, V\ so that if 
the 8" outlet pressure is to be maintained, the initial pressure will have to be reduced 
from 38" to IG" in the first case against 10" to 81" in the latter case. 

If a centrifugal fan without any regulating means were employed in the 
anthracite plant as the gas flow ma(;hine, the effect of the load reduction would be 
that the gas would be supplied at a ])ressurc of 9.1" against 8" at full load, viz. a 
pressure variation which would not be of any serious consequence in many industrial 
ap])lications of the gas. On the doher hand, if a ])ositive blower were employed, 
the outlet pressure would rise to an extent which would seriously affect the utilization 
efficiency of the gas. 

The maintenance of a j>ractically constant outlet ])ressure can be achieved in 
some of the following ways : — 

(u) Gas storage holder. 

(6) By speed regulation of the gas flow nia(*liinc. 

(c) By throttling the gas or air current (mainly for centrifugal fans). 

{(}) By returning or by-passing either the gas or air from the machine (mainly 
for })ositive rotary blowers). 

{a) The installation of a gas vstorage holder in which the excess gas made during 
low load periods is stored until the operating conditions of the plant ar(‘ altered 
(adjusting gas valves or modifying machine speeds) by the operator, may be con- 
sidered as the simplest, but also the most exf)ensivc procjedure. Whereas in lighting 
gas works tliis is a common practice, the gas volume to be handled in a producer 
gas plant is so very much larger for the same number of heat units stored that the 
first costs become prohibitive. Furthermore, in nearly all gas j)roducer })lants 
the gas is consumed at the place of manufacture, so that the ])roducer and the 
consumer of gas can work hand in hand. Since a practically constant pressure can 
be maintained by other m^^ans, there are now no modern gas producer ])lants in- 
stalled with gas storage holders. Practically all cases of ])ressure regulating means 
consist in part <'f a small gas “ holder ” (say of a few feet diameter). The position 
of the bell of this “ holder above the water line is governed by the gas outlet 
pressure from the plant and allowed directly to affect the particular regulating 
device. 

(h) An alteration in the speed of a centrifugal fan will affect its pressure difference, 
while an alteration in the speed of a positive blower will affect the volume delivered 
and automatically adjust the pressure against which this altered volume is to be 
delivered in accordance with the conditions existing. In all cases where the fan 
or blower has an independent drive, be it an electro motor or a steam engine or 
turbine, a speed regulation is easily obtained in the first case (for direct current) 
by installing the motor wfith speed-regulating devices of usual type, and in the 
shcond case by supplying a special steam throttling valve whereby the pressure 
and quantity of the steam supplied can be controlled. In case of the electrical 
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control the gas pressure governor in rising or falling will vary the resistance of the 
motor field, and therefore vary the speed, while in the case of the steam throttling 
valve the pressure governor may move the valve directly by the aid of levers or 
indirectly by controlling, say, the amount of hydraulic; pressure water admitted to 
i.he throttle valve. 

In designing governors and controlling devices of this type care must be taken 



that a smooth and very even movement of the governor or the controlling device 
is obtained, otherwise “ hunting ” (pressure oscillations) may take place. Sometimes 
this difficulty imiy be minimized by providing the governor bell with an external 
water cup, so that the gas pressure recpiired to move the bell from its bottom 
to its top position is increased, or the movement of the bell may be retarded by 
arranging for an air cushion above the governor bell. 

(c) Fig. 324 shows a Bryan-Donkin pressure governor and gas throttling valve 
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such as would operate satisfactorily in connection with a centrifugal fan running 
at constant speed. 

C is a branch pipe taken from wherever on the plant it is desired to control 
the pressure, and F is the governor bell suspended by a chain into a water tank L 
and balanced by weights K. From the tail end of the balance weights another 
chain is arranged to operate a quadrant B, which is keyed on to the shaft of the 
butterfly or throttle valve H, which is fixed in the gas supply main from the plant, 
or the air supply main to the plant, depending upon whether the fan deals with 
air or gas. 

If the demand for gas is suddefnly ddcreased, the result will be that the pressure 
at which the gas is delivered will increase, i.e. the pressure in the pipe C will increase 
and at once cause the bell F to rise, which in its turn will cause the flap H to close 
more, whereby the loss in plant resistance (due to load reduction) is counterbalanced, 
and the delivery pressure maintained constant. The loss in power occasioned by 
throttling the gas is represented by the pressure loss in the flap valve, which often 
is only a small part of the total juessure diflei.ence created by thf fan. 

(d) A positive blower running at constant speed always pasf,’es the same gas 
volume. The pressure regulating means used for positive blowers are, therefore, 
based upon by-passing any excess volume. 

When the blower is arranged to supply air, the excess air is allowed to escape 
to the atmosphere, say through a butterfly valve sucF as shown in fig. 321. In 
this case, how^ever, the flap is to be fully open when the ])ressure in the governor 
bell is highest. 

When the blower is arranged to handle gas, it is clear that the excess cannot 
be blown to waste. For this reason a by-pass main with the necessary valves is 
provided between the suction and pressure pipes, and excess gas is returned from 
the pressure side of the blower to the suction side through this main. If the butterfly 
valve H, shown in fig. 324, be fitted in a by-pass main, this arrangement would be 
quite suitable for the purpose. 

Fig. 325 shows a compact design ot by-pass valve designed by Messrs. Pintsch. 
As soon as the gas pressure on the pressure side E exceeds the desirable maximum 
pressure, the g#ivernor bell C will cause the valve B vo be lifted oft’ its two seats and 
the excess gas escapes to the low pressure side A. 

When higher gas pressures are used and water is unsuitable for the governor 
bell, a leather or thin plate diaphragm type of governor may be used (see H, 
fig. 288) to operate the by-pass or escape valve. 

Concerning the power expended due ro the by-pass or escape system of pressure 
control for positive blowers in comparison with the throttle control for fan type 
blowers, we may say that, as a rule, less power is consumed in the latter system 
than in the former. 

The load fluctuations existing on many producer gas plants are so regular 
that the operator by hand operation is able to adjust either valves or machine 
sj:)eeds from time to time, thus preventing unnecessary power being expended in 
controlling the pressure. 
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On some of the larger cold gas producer plants both a positive and a fan type 
blower are simultaneously employed to cause the gas flow. In such cases each 
machine should be provided with its own type of control gear. For instance, where 
the air is supplied by a ])ositive blower, and the fan blower is used for final gas 
washing purposes, the pressure governing system may be arranged so that the 
escape valve on the positive blower is regulated to maintain a constant pressure 
at some point of the plant previous to the fan inlet, while a throttle valve on 
the fan outlet is governed by the pressure in the gas delivery main to the works. 

The above-described systems of press- 
ure governing have referred to plants 
where cold and reasonably clean gas is 
manufactured, whicli w<nild not prevent • 

])roper action of the governor bell. If hot 
(;rude gas is manufactured it is advisable 
to see that the gas in the governor bell is 
cold and clean, and this is best ]>rovided 
for if a gas stoiage chamber or receiver 
is iu sorted between the hot gas main and 
the governor. This receiver will serve as 
a. gas “ cushion,” and also cause dust and 
tar to bo settled out from the gas without 
contact with the governor. 

For j)lants where ])art c»f the gas is 
used for engines and part hjr heating 
purposes, it is often desirable to reduce 
th(‘ pulsating etfecit of tlie gas engines 
U])on the gas preshure in the piain pi])e. A 
The means provided for this purpose 
generally consist of a gas-receiving chamber 
into which gas is sup])lied from th‘' plant 
at a regular rate of flow (sav bv means 

of a set control valve), aiul'from which Fio. :!25.-Bv.rAss Ooveusok for Positivk 
'[ . Blower. 

the engine may obtain its supply as 

re(|uired. Siicli devices are designated gas bags, anti - pulsators, expansion 
chambers, etc. • 

To enable the operator responsible for the gas supply from the ])roducer plant 
from time to time to make adjustments of the machine speeds or valve positions, 
pressure indicators should be provided in positions easily observable and accessible 
by him. Such pressure indicators may be simple U -gauges made from bent glass 
tubing, connected up by, say, }/ steel pi])es to the particular point of the plant 
whore the pressure is to be indicated. On large ]}roduccr ])lants several such gauges 
are assembled on one common pressure-indicating board, in which case it is possible 
to observe not only the delivery pressures but also the individual pressure losses 
in various sections of the plant. 
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(5) GAS PIPING AND GAS DISTRIBUTION 

The pipes used for conveying the gas may he of cast iron or mild steel, sections 
of which are connected together witli holts, the joints being made with asbestos 
gaskets, red-leaded hemp, lead wool, or wire, etc., whichever is considered the 
most suitable. 

The valves used for regulation or isolation may be similar to those em})loyed 
on coke-oven or gasworks plants. When tarry gas is handled it is sometimes 
advisable to arrange for cleaning means, say a poke-liole, or drain -cock, or even a 
steam connection to enable valves “ stuck ” due to solidified tar to be freed by 
softening the tar. 

All the lowest points of gas mains or pipes should be provided with drains, 
either of the syphon ty])e or consisting of straight ])i])es luted in the foundations or 
in a special ]X)t. 

If the ])ossibility of a reversion of gas fl(dv in the piping e.^ists, it should be 
])rovided against by the insertion of a water-sealed pi])e, or a non-returif llap valve, 
or w^eighted disc* valve, w'hich can only be kept o])en when the gas is under ])ressure. 
A backward flow in the gas plant would mean that the gas from tlu* ])roducer would 
be brought into the air mains, or grate s])ac(^s, and on reversion to pro})(*r conditions 
of flow the combustible mixture thus formed w'ould be ignited by the fire and cause 
an explosion. 

It is ahvays advisable to ])rovide some means to afford relief from the elTtK*ts 
of accidental explosions, and for this reason the pi])ing may be fitted with ex])losiori 
doors, such as shown in fig. 255. or a blank flange may be made of a thin lead or 
rubber sheet, or an ojien ])i])e end may be sealed in a water })ot, etc. 

The average velocities existing in the piping between the various a])])araMis of 
cold gas producer plants known to tlie author have varied between (i and 10 feet 
per second at full load ; the lowest velocity was on a suction gas plant dir(*ctly con- 
nected to a gas engine, and the highest on a large ]>y-produ(jt producer gas plani, 
wrhere a large pressure drop in the conduits and mains was allow^able. The reason 
for the low^ average velocity on the suction gas plant is that the engine su(,*ks the gas 
intermittently, thus causing a maximum gas velocity in the pipes twice or four 
times the average, depending on the cuigine type and design. 

Whereas the matter of the sizes of piping used on the plant itself is entirely 
dependent upon the type of plant, the designing of mains for the distribution of 
gas to the various points of consumption is a more simple matter to deal with in a 
general way. 

The relation between the various fachors affecting the flow of gas through pi})ing 
is clearly illustrated by Dr. Pole's formula, which has been commonly employed in 
connection with the design of low 'irressure towns’ gas distributing systems. This 
formula may be written 




GAS FLOW PLANT AND APPARATUS 


in which 


Q denotes the gas flow' in cubic feet ]jcr minute. 
h ,, ,, gas pressure loss in inches W.G. 

d „ „ diameter of the jhpe in inches. 

S* ,, „ specific gravity of the gas (basis air = 1 at N.T.l*,). 

L ,, „ length of pipe in yards {i.e. equivalent length). 


To enable a quick judgement to be made as to the quantity of low pressur 
producer gas that can be conveyed at varying pressure losses in pii)cs the curve 
in figs. 326-328 have been drawn to cover pipe* sizes from 1" to 36" in diameter. 1] 
explanation of the use of these curves the following may be mentioned : — 

Each curve shows the relation between the gas quantity passed in ('ub. ft. pe 
minute (as ordinate), (J and the pressure loss in inches W.G. (as abscissae), h for 
given ■|)ipc diameter. 

The specific gravity of the ])roducer gas 8 has been assumed equal to ()'78 i 
reference to aif (at N.T.P.). If .be curves are employed for gases of differeii 
gravity, then it should be remembered that the quantity passed varit 


inversely as \ '8, or, in other words, for a given ])ressure dro]) the quantity obtaine 


from the curves should be corrected by multiplying by the factor 




Similarb 


the pressure loss f.ir [lassing a given quantity should be corrected by niiiltiplyin 
w'ith the factor 

0*78 • 


The equivalent ler^gth of jiiping L (that is, the total straight length of pipes + a 
addition for r(‘sistance of sjiecial fittings such as bends, tees, valves, etc.) has bee 
taken as 100 yards. For different lengths of piping corrections should be made f 
followvs : If the jiressure loss b5 given, then the quantity obtained from the curv( 


should be corrected by multiidying by the factor 


/lOO 
V -L ' 


If the gas quantity I 


given, the ])ressure loss obtained from the curves should be corrected by multiplyin 

\j • 

by the factor 


Table 72 contains figures on the same subject as the curves, cxcejit that tl 
volume carried is given for varying pipe lengths»and constant pressure loss. 

The addition to be made to the straight length of piping to allow for the resistanc 
of specials is often a very arbitrary one. Table 73 (page 454) ^ has recently bee 
})ublished in connection with steam flow^ charts, and may be made use of in coi 
miction with producer gas piping. 

An example may serve to illustrate the above. Let us assume that 200 cub. f 
of jiroducer gas per minute is to be carried through a 5" pipe 150 ft. long and coi 
taining one side outlet tee, one gate valve, and three standard elbows, and w^e desi 
to know the pressure loss. 


1 Dean E. Foster, A.S.M.E., December 1921. 
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T*ble 73 

Equivalent Pipe Lengths in Feet to allow for Kesistances in various 
Fittings for Conduits carrying Gas or Vapour 

Formula used : - 43*7 


Norainiil 
JMpt- Size, 
Indies. 

Aetuiil 

Internal 

Diameter, 

Inehes. 

Gate 

Valve. 

Lonp 
Radius 
Elbow or 
Tec. 

Medium 
Swfep 
Elbow or 
Teerediueil 
ill size J. 

Standard 
Elbow or 
Teereduf *d 
in size 4 

Aiifile 

Valve. 

Close 

Ridurii 

Bend. 

Tee 

tliroufih 
Side Out- 
let. 

Globe 

Valve. 

Factor of 

Resistance. 

025 

0-33 

%42 

0.67 

0-90 

1-00 

1-33 

2-00 

h 

■022 

•31 

•41 

•52 

•84 

M2 

1-25 

1-00 

2-5 

1 

■824 

•44 

•57 

•73 

l-l"' 

1-57 

1-75 

2-33 

3-5 

1 

1-049 

•57 

•77 

•98 

1-57 

211 

2-34 

3-11 

4-08 

H 

i-:j80 

•82 

1-07 

!-37 

2-J9 

2 94 

3-27 

4-:i5 

0-54 

n 

1010 

•98 

1-29 

1-04 

2-03 

3-52 

3-92 

5-21 

7-84 

0 

2-007 

1-32 

1-74 

2-23 

3-55 

4-77 

5-30 

7-05 

10-0 

k 

2-409 

104 

2-10 

2-75 

4-39 

5-91 

0-50 

8-71 

13-12 

3 

3-008 

213 

2-81 

3-59 

.5-72 

7-09 

8 54 

« 11-40 

1708 

4 

4-020 

2-90 

3-90 

4 97 

7 94 

1005 

11-84 

15-75 

23-08 

fj 

.^>-047 

3-88 

5-11 

0-42 

10-40 

13-95 

15-51 

fo-Co 

31-02 

0 

0-008 

4-81 

6-35 

8 09 

12-90 

17-;15 

19-27 

25-00 

38-.54 

7 

7-023 

5-75 

7-59 

9-00 

15-40 

20-7 

2302 

30-0 

40-08 

8 

7-981 

0-70 

8 85 

11-20 

17-90 

24 1 

20-80 

35-0 

53-0 

10 

10-02 

8-75 

11-54 

14-70 

23-40 

31-5 

35-0 , 

40-0‘ 

70-0 

12 

12-09 

10-90 

14-40 

18-35 

29-30 

39-3 

43-7 

58-1 

87-4 


From lig. 320 wc find tluit the pressure loss for 100 yards equivalent length 
-2"W.G. 

The equivalent length in this case is 

. 150 ft. of straight piping = 150 ft. 

1 side outlet tee . -- 20-00 ft. 

1 gate valve . . - 3-88 ,, 

3 elbows at 5-1] . .= 15-33 ,, 

189-81 ft. 

’ or = 03-27 yards. 

The pressure loss is therefore 

03-27 

/,:.2x ^ =1-205" W.O. 

UK) 

When designing a series of low pr(\ssure juoducer gas distribution pipes for a 
particular works the best procedure will be to first determine the gas consumption 
and delivery pressures required at each paiticular engine or furnace (giving due 
consideration to possible extensions), and then calculate the required initial gas 

delivery pressures at the producer gas plant for two or tliree alternative larrange- 

menls and sizes of gas distribution pipes. The decision as to the most economical 
procedure then simply becomes a question of comparison between the extra power 
costs of the producer gas plant, due to increased delivery pressure, and the saving 
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in depreciation and interest charges upon the first costs involved through installing 
smaller pipe lines. 

* When the producer gas is delivered to a system where high pressure losses exist 
the above formula no longer apphes, because the volume and specific gravity of the 
gas alter continuously as the gas passes forward. According to H. A. Humphrey ^ 
the most correct formula which takes care of the alterations attendant upon high 
pressure distribution is that of Dr. W. C. Unwin for isothermal flow : — 

~T> \ ’ 

\ 


Ji 




where denotes initial velocity o^ gas in ]hpe, in feet per second. 


1’. 

i’2 

T 

V, 

V 

a 


fJ 

(I 


initial absolute pressure, in ])ounds per square foot, 
final absolute pressure, in ])Ounds per s(|uare foot. 
a})solute temperature, in degrees F. (tOU F.). 
length oT transmission, in feet, 
volume in cubic feet of 1 lb. of gas. 
constant in PV =-cT, 

d . , . 

hydraulic mean radius = ^ for circular pipes. 

acceleration due to gravity -^32*2. 
diameter of pipe in feet. 


lOd; 


coefficient of friction -0 •002 7 ( 1 + 


Where is great, then h)g^, is comparatively small and may bq neglected. 
The formula then reduces to — * 


IV 


On the basis of distribution of Mond gas at 60'’ F. afid of the fallowing comj)osi- 
tion : — 


CO2 

CO 

CH, 

H, 

N," 


10 per cent 

n „ 

0 

29 

42 



Specific Gravity. 

• 

Rcforeiico Air 
at N.T.1\ 

Lbs. per 
1000 cub. ft. 

F. . . . 


63-66 

60-34 


^ “ Gcnerfition and Distribution of Producer Gas 
Engineers, December 10, 1912. 


South Staffordshire,” Proc. hist. Civil 
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Mr. Humplirey, in accordance with Unwinds formula, has calculated the results 
shown in Table 74. The table is divided into a left and a right section. The left 
section contains the gas quantity to be passed through the system, as well as its 
initial pressure, while the right section indicates the distance in miles at which the 
gas can be delivered in various sizes of mains if the final pressure is 1 Ib./sq. inch 
above atmospheric (i.e. 15-7 lbs. absolute). 

Dr. Unwin’s formula (and consequently the figures in the table) assumes straight 
tubes with smooth surfaces and constant gas temperature, which conditions are not 
obtained in practice. M ith a view to finding how far the practic'al coefficient of 
friction (that is, including losses in specials, valves, etc.) differed from the one 
assumed by calculation, Mr. TTumphrey carried out tests with air over a ])ipe system 
over 10,000 yards in total length (see original ])aper). The average of 10 tests over 
one section showed that the actual coefficient of friction was f374} ])er cent larger 
than the theoretical, which fact should be borne in mind when making use of the 
results in table (this particular figure corresponding to a reduction to 72*7 per cent 
of the stated distribution distance in miles). 
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WOI KING PRODUCER GAS PLANTS 

The operator of a producer gas plant is mainly concerned with the control of the 
process of gasification : testing the plant and its products : the principles of opera- 
tion : and the cost of running tlu plant. We shall, therefore, subdivide this section 
into two cha])ters, viz. : - 

Chapter Vii. — Control Testing and Analysis. 

,, YIIL— OPERATira Principles and Working Costs.* 




CHAPTER VII 

" • 

CONTROL TESTING AND ANALYSIS ON GAS 
PRODUCER PLANTS 

ExcKi’T for a few general remarks wx shall not concern ourselves in this chapter 
with the various analytical methods which may be employed for carrying out the 
testing required. Such methods may be found by reference to most cdiemical 
text-books on inclustrial testing, whereas our object is to emphasize such points^ 
regarding control testing as are of s})ecific importance to the user of a gas pro- 
ducer ])la,nt. 

Of the various chemical control tests referred to in the following only a few 
need be used in the daily routine work, and for small plants of simple design such 
tests may only be needed a few times a month or year. To cover the whole subject 
it has been ne(iessary to refer to many tests which are needed only in exceptional 
cases. 

Tlie tests may be subdivided into : — 

(1) Fuel examination and .analysis. 

(2) Gas analysis and tests. 

(.‘1) Special tests on by-product plants. 

(4) Gas metering. 

It is still customary on plants when carrying out demonstration 4)ests to make 
a so-called “ carbon balance.” In accordance with the author’s experience the 
results obtained by doing such a test are less reliable than those obtained by carrying 
out a thermal balance on the lines of Cha])ter 111. ifi). w^here the unit volume of the 
cold gas at N.T.P. is the standard basis. 

A carbon balance determination is sometimes, and was formerly exclusively, 
employed in cases where the gas volumle cannot be accurately measured. It involves 
the determination of the total carbon in the coal ag charged into the ])roducer, and 
the carbon retained in the ])lant, as dust and tar, and in the ash, the difference 
between the two quantities being assumed to be existing in the gas, the volume 
of which is calculated from the w^eight of carbon contained ])er unit volume of gas. 
The thermal ‘efficiency was then determined from the ratio between the heat in 
the gas volume thus found and the heat in the corresponding quantity of coal. 

459 
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(1) FUEL EXAMINATION AND ANALYSIS 

Having once chosen a suitable fuel for use in the plant, occasional tests for 
grading, heating value, ash, and moisture contents in representative fuel samples 
are sufficient as a control on the fuel merchants. 

One of the most difficult tasks is to obtain from a large bulk a small sample 
which is a true rej)rcsentativc of the average. Wffioever undertakes this task should 
be made fully aware of the im})ort.ance of the work. 

Having once obtained a sample, which should be a large multijde of th«at 
a^ctually subjected to chemical tests, it should be graded over a series of screens, 


the result being given, say : — 

Size of largest pieces . . . 

Percentage remaining on 1" s(p screen = in 
between r' and V' „ =-- n 

V'andi" =0 

,, ])assing sq. screen =^'p 


The sample used for laboratory examination should be made u]) from pro- 
portionate quantities of the various gradings crushed to a suitable size and well^ 
mixed previous to the test sample being taken therefrom. 

When examining the fuel in the laboratory, one should distinguish between the 
methods required for fuels which are low in volatile matter and for those which are 
not. For the former a jiroximate analysis stating 

Moisture content in percentage, 

Volatile matter in percentage on the dried substanc<‘, 

Fixed carbon 

Ash ., , 

Heating value 

should be quite satisfactory in cases where no special (considerations have to be 
taken account of. 

It is advisable to test all bituminous fuels over an open Bunsen flame. A 
piece of coal about 1" cube is placed over a Bunsen burner and slowly heated up, 
the behaviour of the coal during heating being observed and the total amount of 
swelling of the sample piece calculated. 

For fuels containing more than, say, 15 per cent volatile matter (on the ash- 
and moisture-free basis) it is always advisable to subject the sample to a distillation 
test as well as the ordinary complete analysis, so that a guide as to the tar-yielding 
qualities of the fuel may be obtained. 

A suitable method for determining the tar yield is that generally employed 
in the shale oil industry, or, say, that published by the Fuel Research Board in their 
Technical Paper No. 1 . 

To avoid the extreme accuracy required by testing small fuel samples the author 
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prefers to distil about 2 kilogrammes 
of fuel at one time, tlie testing plant 
employed being after the ty])e of a 
miniature gasworks. The results ob- 
tained by ^ test with such a large 
sample will also give a guide as to 
other points useful to the pniducer gas 
engineer. Whatever testing apparatus 
be employed, it is recommended for the 
sake of comparison always to use the 
same procedure and the same shape of 
retort. 

Fig. 329 shows a. diagram of the 
testing set employed by the autiior ; ^ 
it consists of such })arts and a])paratus 
as can be made tip and ])ut together 
in a small industrial laboratory. 

A is a hematite iron retort of about 
350 cub. in. capacity; B is a protection ])late to 
avoid “ scorcdiing ” of fuel; (- the pyrometer to 
assist control of the progress of distillation ; J), 
the gas-fired furnace ; K, the first condensing pot 
\Nith superimposed reflux type air condenser; F, 
the second condensing ])ot with su])erimposed down- 
flow water condenser ; G, H, 1, and J are catch 
bottles containing water, sulphuric acid, heavy 
petroleum, and pure cresylic acid, respectively ; K 
indicates two drying towers containing cliarcoal 
and/or cotton wool ; L is a gas meter, and M a 
gas-testing bottle. Instead of a* gas meter and 
gas-testing bottle the total gas may be passed into 
a small storage holder. 

The method of procedure when testing say a 
bituminous coal, is as follows ; — 

After grading the crude sample the whole hs 
crushed, sampled for analysis, and 2 kg. of crushed 
pieces below Y placed in the retort, and the 
lid carrying the pyrometer sheath cloked up tightly 
with the aid of permac or manganesite cement. 
All bottles are weighed previous to coupling up, and 
th(;se containing liquids are filled to give a lutage 
of 10 to 20 mm. The gas for heating the retort 

' Journal of Society of Chemical Industry ^ December 
31 , 1921 . 



Fig. 329. — Distillatio:;!? Test Appabatus, 
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is turned on, and the temperature is gradually increased until the evolution of tar 
and gas commences (generally 350°-4()()° C. for an English or Scotch bituminous 
fuel), and then adjusted to give a reasonably regular gas flow through the m iter, 
while hourly continuous gas samples are taken. When a maximum temperature 
of 800° C. is reached in the retort, the heating is discontinued and the apparatus 
allowed to cool to atmospheric temperature. The whole heating period generally 
takes from four to six hours. The coke residue in the retort is weighed immediately 
it is removed, an average sample taken and quickly submitted for analysis to avoid 
air absorption. The remainder of the coke is preserved as indicating the comparative 
caking ])ro])erty of the coal. The haniness of the coke together with the result 
of the test of the fuel in the open flame will give a good idea as to the free burning 
properties of the fuel. 

The various bottles are weighed and the increases in tlieir respective weights 
noted, w'hile the tar condensate from bottles E, F, G, and H is separated, de- 
hydrated, and, if present in sufficient quantity, is fractionally distilled up to 350 ' (A 
The condensate thus se])arated is classified as “ tar,” w4iile the increase in wTight 
of bottles 1, J, and K is classified as “ volatile oils.” 

The amount of ammonia in the condensate and absorbed by the sulphuric acid 
is determined, this being the “ volatile ” ammonia. 

The average gas composition is determined from the analysis of each separate, 
gas sam])le, as well as from the rate of gas evolution during each particular sam])ling 
period . 

Table 75 gives the results obtained by analysing and distilling tw’enty different 
fuels in this a])paratus ; w^hile the way in wdiich such results may be enqdoyed 
in regard to judging the probable gasification rate and efficiency, the yield of 
by-prodpets, and heating value of the gas is explained in Cha])ter 111. under the 
respective subheadings. 

A Aveight })alaTiee and thermal balance of the ])roduets obtained have been madt*, 
from which it wall be realized that, wdiile the forncu* is reasonably accurate, this is by no 
means the case in regard to the latter. There is a very high thermal loss in connection 
with the fuels high in volatile matter (see sample.s 12 to 20 inclusive). The only explana- 
tion for this discrepancy is that (‘xothermal reactions take ])Iace within the fuel during 
distillation. It is likely that during heating there is set up an exchange of oxygen hnkagc's 
with consequent exothermal reactions: say, two =C — 0 links combine to give carbon 
(coke) and CTlg ; similarly for =C-0-H links. It should be clearly emphasized that 
this heat quantity will always be available during gasification in a ])roducer, and, since 
fuels of high volatile content nearly always have a high moisture content, the heat set 
free will be available for eva])orating moisture from the fresh fuel. 

In connection with the ash m the fuel it is not always suflicient to know the 
amount of ash, but the nature of the same is important (pp. 117-127) to enable 
a proper judgement as to the clinkering tendency to be made. It is therefore often 
advisable to analyse the ash itself or obtain a fusing-point determination made on 
a standard or com})arative basis. 

The examination of the ashes rermved from the producer for its content of carbon 
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should always be done on the dried sample, and the carbon content estimated by 
complete combustion with oxygen and absorption of the resulting CO 2 . It is 
customary in some works to determine the content of carbon in the ash by the 
difference in weight before and after combustion, which method, in accordance 
with the author’s experience, always gives a higher content of “ carbon,” probably 
due to a partial elimination of oxygen from some of the various oxides in 
the ash. 

In sampling ])roducer ashes, partly consisting of clinker and partly of “ ash,” 
due notice should be taken of the higher specific gravity of the clinker. 

(2) GAS ANALYSIS AND TESTS 

The most common test rc(]uire(l is to determine the main gaseous components, 
such analysis enabling the gas-making condition of the producer to be judged. 
Other tests may be required from tine to time, such as the determination of the 
calorific value, and the ammonia, tar, moisture, dust, sulphur, and chlorine content 
of the crude or final gas. 

Whereas for tlie ordinary gas analysis it is satisfactory to withdraw a small 
<{uantitv of gas and examine this ])articular volume, for the other tests it is necessary 
to pass larger quantities of gas through ap])aratus charged with special absorbents 
to retain the particular constituent it is desired to deterniino. 

When a sanqfie of gas for analysis is to be taken, a cork, with a piece of glass 


Fm. 330. — CiAS 8 am?liso Tube, 

tubing, to the outer end of wliich iff attached a [)iece of /•ubber tubing closed with 
a clip or pinch cock, may be inserted into the main. 

A gas sampling tube of glass, as per fig. 330, may convenientl}%> be employed 
for this ])urpose ; .this tube should be completely filled with slightly acidulated 
water (to })revent abs()r})tion (jf COg) before it is attached to the rubber tube at the 
gas main. The sample of gas is sucked into the tube by letting nearly all the water 
run out. According to the rate at which the water is run out the gas sample will 
represent a “ snap ” or “ average ” test. 

Ordinary Gas A^ialysis. -The principle of this consists in bringing the gas 
saniple in successive contact with various absorbing reagents, each of which eliminates, 
or segregates, one of the constituents of the gas. Most of the testing apparatus used 
to-day are based partly or wholly upon HempeTs original method. The description 
of a producer gas testing set, as shown in fig. 331, and the })rocedure for such an 
analysis, will serve as an example of the principles involved. 

Producer gas consists of the following main constituents : — 
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Carbonic acid COg 

„ oxide CO 

Hydrogen Hg 

Saturated hydrocarbons, generally designated methane . CH 4 
Nitrogen . . . . . . . . . Ng 

In addition to these it may also contain small quantities of 

Unsaturated hydrocarbons . . . CgH^ 

Oxygen . . . . . . Og 

Water vapour ’ H/) 


The unsatKrated lufdrocarhons of the series are generally present in sue 

small quantities that their determination can nearly always be neglected. If 
separate determination should be desirable, fuming sulphuric acid should be use 
as an absorbing agent. 

(hifgen is generally absent, but a test should invariably be made to prove i1 
absence or otherwise. 

Water vapour is present in all gas saTn])les in a (piautity depending upon tli 
temperature of the sample as supplied to the testing set, since the gas will geiierall 
be saturated with moisture at this temperature. 

If the various absorhing agents are capafile of absorlnng water vapour from tJu! gai 
and do not giv(‘ it uj) again, it may be retained in these ; otherwise it will 1)(‘ (‘liininated a 
the same time as and j)ro])()rtionately to each absorbed constitucMit. There is no difficult 
in absorbing the moisture from the gas sanqile j)revious to testing in the ordinary waj 
but there is no assurance that the gas will not “ })i(‘k up *’ moistun* again from on(‘ c 
more of 'the absorbing agents. So far as the author’s know^ledge goes, no satisfactor 
method has yet becui devised to eliminate possible ecrors due to moisture in the gas, an 
the princi]>le of drying the sample between each measurement in tlu‘ burette (which i 
this ease must be charged wdtli mercury insteuid of water) seems the onlv way in wdiic 
to eliminate the small errors caused by a varying moisture content of the sanijde. 

Fig. 331 Ldiows a portable producer gas testing set such as is employed by th 
Powder Gas (''or])oration for general commercial tests. It consists of a calibrates 
burette A, which is connected to the levelling bottle B containing acidulated w^ate 
coloured by the addition of a suitable indicator. C, I), E, and are pipettes con 
taining the various gas-absorbing agents ; they are filled with small pieces of glas 
tubing, so that a large reaction surface is obtained. F is an explosion pipette wit! 
separate levelling bottle G and electric battery H, with induction coil and pusl 
button. The burette A is interconnected with the various pipettes by capillary 
glass tubing, each pipette having a short rubber connection with a pinch cock. 1 
three-wmy connection is provided at K, at which point the gas sampling tube ii 
connected when analysis is to be carried out. 

The procedure of the analysis is as follows : — After all the gas or air has beer 
completely swept out of the burette A and the five pipettes D, C, E, Ej, and J 
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through the connection at K, all pinch cocks are closed and the gas sampling tube 
connected up to K. By lowering the levelling bottle B, 100 c.c. of gas is sucked 
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absorption reagent. Complete absorption of COg is effected in about one minute, 
when all the remaining gas is j)assed back into A, the pinch cock at top of C closed, 
and the gas contraction (ic. the quantity of COg) recorded. It is advisable to 
repeat the absorption and consecutive measurement to ensure that complete removal 
of CO 2 has taken place. 

A similar procedure is now carried out to treat the gas in pipette D, which 
contains alkaline potassium pyrogallate, which serves as the absorption agent for 
oxygen. Complete absor])tion is generally effected in three minutes. 

The absorption of carbon monoxuie. is carried out in a similar way successively 
in the pipettes E and Ej, both of which contain a solution of ammoniaml or acid 
cuprous cJdoride. Unfortunately this reagent is not capable of absorbing large 
quantities of CO before it becomes spent, hence frequent renewal of the solution is 
necessary. AVith fresh solutions the CO absorption should be completed in about 
five to six minutes. 

The determination of hydrogen and methane should not be effected by absorp- 
tion but by combustion. For this reason a d6finite part (generally two-thirds) of 
the gas sample remaining after the removal of COg^ O 2 , and CO is'emeted from the 
burette, while the remainder (one-third) is mixed with air or oxygen sucked in 
through K in suitable quantity to form a mixture which is easily exploded (a total 
volume of two and a half times the retained gas volume is generally ample if air is 
used). This combustible mixture is passed to the explosion pi])ette F and exploded 
by means of the s]iark from the induction coil. By the explosion the Jiydrogen is 
burnt to water vapour and the methane to COg and water vapour. In other words, 
the volume of the products of combustion is decreased ; this contraction is recorded 
by passing the products into the burette A, while the content of COg is obtained by 
absorption in the pipette C and consecutive reading on the burette. 

Since* each volume of methane yields one volunie of COg upon combustion, the 
CO 2 content thus recorded is equivalent to the methane content in the gas quantity 
retained for explosion. (If this were one'-third the gas volume remaining after 
O 2 , and CO absorption, the methane content of the original gas would be three 
times the gas contraction due to COg absor})tion from the exploded mixture.) 

On the ba?iis of one-third the “ remaining gas volume ” having been used for 
explosion, the hydrogen content in the original gas is found by deducting twice the 
volume of the C.Og formed by the explosion of the methane from the total contraction 
due to the explosion and multiplying the difference by two. 

The combustion of methane and hydrogen and the gas volumes involved in the 
reaction may be expressed : — 

CH4 + 2O2 CO2 + 2H2O 

(1 vol.) +( 2 vols.) (1 vol.) (Nil). 

2H2 + O2 — > 2H2O 
(2 vols.) + (1 vol.) (Nil). 

One volume of methane forms two volumes of water vapour and one volume of GOjj 
pn combustion, and requires two volumes of oxygen, and since the water vapour condenses 



CONTROL TESTING AND ANALYSIS 


467 


out the contraction on combustion due to methane is twice the methane content. One 
volume of hydrogen requircis half a volume of oxygen for combustion, and forms one 
volume of water vapour, which condenses out, consequently two*thirds of the contraction 
caused by burning the hydrogen is equal to the hydrogen content, and since the amount 
exi>l?)ded contained one-third of the hydrogen in the original sample, twice the contraction 
due to burnijig the hydrogen is equal to the original hydrogen content. This statement 
is based upon the assuniption that all the water vapour from the combustion is condensed 
out, which will not be the case if the air or gas, ])rcvious to combustion, were not saturated 
with moisture, or if the products of combustion have not the same temperature (when 
measured) as the original gas and air mixture. By water- jacketing the burette the 
latter error can always be eliminated. • 

The difference between the total consent of the various gases as determined 
above and the original gas sample is recorded the nitrogen content. 

The heating value of the ga.s may be obtained by calculation from the gas analysis, 
but if a rclia])le gas calorimeter is available, a direct heating value determination 
should be made. Wherever the gas is likely to contain unsaturated hydrocarbons, 
or contain a high C(1ntent of saturated iiydrocarbons, generally recorded as “ methane,” 
the heating vale# determination by calorimeter is preferable. All large gas })roducer 
plant installations should be fitted with calorimeters where the gas heating value is 
automatically and continuously recorded on a (;hart. Several instrument makers 
sup])ly contiMuous recording calorimeters, the main operating principle of these 
being that a constant quantity of gas is burnt under constant conditions, while the 
lluctuations in the heat quantity absorbed due to alterations in the gas heating value 
affect the position of the recording pen. 

The testing of the gas for spc-cial consiif units is carried out in two stages, the 
direct absorption on the plant itself and the subsequent examination of the used 
absorbent in the laboratory. 

Fig. 332 sliow\s a diagram ot tjie apparatus generally required for this *purp()se. 
It consists of a connecting tube fitted sideways in the gas main at A, a series of 
washing or absorbing bottles B mounted on a wood frame, and the aspirator C. 

The tube fitted into the gas main at A sdiould extend* at least 2" to 3^^ inside the 
gas main, and its open end should be bevelled at an angle of 45°, the inclined face 
placed so as to meet the flow of the gas. * 

To ])revent any condciivsate, which may be formed in the tube, rimning back 
into the gas main, all connections and the tube itself should drain towards the 
absorbing bottles, which should be ])laced as close .to the main as possible. 

Where the crude gas is tested care should be taken that any glass tubes 
connected with indiarubber tubing have their ends close together, as the tar will 
destroy the rubber. * 

The bottles used vary in number and size, depejiding upon the test and quantity 
of gas or impurity to be removed, but 12 to 16 oz. bottles will generally be found 
suitable. The gas inlet tube should be luted at least 1'" in the washing bquids. 

The aspirator should be carefully cahbrated and a test made for tightness of 
the same and* the various connections before the gas absorption is commenced. 

If the pressure in the main should be sufficiently high it is possible to dispense 
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with the aspirator, in which case a gas meter should be inserted after the gas washing 
bottles, thus recording the volume passed. Whenever the gas may contain or pick 
up from the absorbing agents matters deleterious to the working of the meter, special 
precautions are to be taken. ^ 

The quantity of gas to be tested varies with the amount of the particular con- 
stituents present, but generally speaking it should not be less than 100 litres, and 
not more than 2000 litres, and its volume should always be corrected in reference 
to temperature and pressure. 



The following special observations may be made in regard to the estimation oJ 
the various constituents. 


Ammonia 

Four bottles are used, out of which three are charged with a definite quantity 
of N sulphuric acid, diluted with 'water, the fourth being left em})ty to serve as a 
sulphuric acid spray catcher. By titrating the resulting liquor with N caustic soda 
the quantity of ammonia absorbed from the gas is obtained. 

When more accurate testing is required the ammonia should be determined b} 
the distillation method. 


Tar 

Two to four bottles are about half filled with glass beads, etc., which are covered 
with redistilled methylated spirits or alcohol. Between the last bottle and the gas 
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meter or aspirator is inserted a 12'" to 18" long by diameter glass tube packed 
with cotton wool, which serves as a tar filter and indicator of the completeness of 
the absorption. * When the cotton wool becomes discoloured for more than half its 
len^h the absorption should be discontinued. 

All paits of the apparatus are washed free from tar by alcohol or methylated 
spirits, and the total washings distilled until the tar and some moisture remain 
behind. The moisture is driven off by drying, and the tar determined by weighing. 

A quick t(‘.st to prove whether the gas is reasonably free from tar, as it should be, 
say, for gas engine use, is to let the gas from a | inch hole impinge for one minute upon 
a piec(‘ of blotting-])aper, held at a distance of 1 iifch away from the hole. If the hole 
has been previously wiped clean the discoloration of the blotting-paper will form a rough 
guide as to the (dficiency of the tar nunoval. • 

Moisture 

Jn Air Blast . — One empty bottle followed by two bottles charged with con- 
centrated sulplihric acid are carefully weighed. The moisture is determined by the 
increase in weight of the absorption bottles. 

In Gas . — Three or four l)ottlcs are charged with heavy petroleum (say of B.Pt, 
=250"^ C.). The tar is absorbed by the petroleum, while the water condensed can 
be separated by distillation and weighed. 

Sulphur 

Three or four bottles are filled with bromine water followed by one or two bottles 
containing sodium carbonate (Ij^o remove completely any bromine absorbeji by the 
gas before this reaches the meter)* 

The bromine causes all the sulphur compounds in the gas (practically all 
hydrogen sulphide) to be oxidized to sulphuric acid, which remains in solution and 
is afterwards determined as barium sulphate by precipitiltion with barium chloride. 


CUI^ORINE 

Two bottles filled with water are followed by two bottles filled with a solution 
of caustic soda, which absorbs the COg as w^ell as -the clilorine in the gas. The total 
chlorine in the resulting liquors is precipitated by silver nitrate in the usual way. 
Obviously a blank test for chlorine should be previously done on the caustic soda. 

• 

Dust 

One or two bottles are charged with methylated spirits, while a cotton wool 
filter tube is^inserted before the metering apparatus. 

After passing gas through very quicJdy the tar retained is dissolved out of the • 
cotton wool, by methylated spirits ; all tubing and connections are also washed in 
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a similar way. All the various washings are added to the original methylated 
spirits charge, the whole filtered, and the precipitated dust weighed out. 

If no tar is present in the gas the dust can be determined directly by filtration 
by glass wool, the wool and container being weighed before and after test. 

It is usual to express the content of the various constituents in the gas in 
grammes per cub. m. gas (N.T.P.), or grains per 100 cub. ft. or ounces per 1000 cub. ft. 

1 gramme per cub. m. =43-7 grains per 100 cub. ft. 

1 „ „ =1 ounce per 1000 cub. ft.- 


(3) SPECIAL TESTS ON BY-PRODUCT PLANTS 

In addition to the determination of the ammonia on the lines described above 
in the gas entering and leaving the absorbing plant, the ammonium sulphate 
circulating and storage liquors, the ammonium sulphate itself and the tar have to 
be examined from time to time. 


Sulphate Liquors 

' K 

Specific gravity determination by a Tw^addell or Beaume hydrometer will give 
a rough idea as to the content of ammonium sulphate (see p. 410). 

A more accurate method to obtain the ammonia (or sulphate) content is to 
add caustic soda in excess to a definite quantity of liquor and distil off the ammonia 
into a known quantity of N sulphuric acid, the excess of which is found by titration 
with N caustic soda. 

Acidity is determined by direct titration with N caustic soda. 


Ammonium Sulphate 

Ammonia is determined by distilling a weighed quantity of the salt with caustic 
soda into a known quantity of N acid and titrating the excess. 

Moisture content is determined by weighing a certain quantity of the salt before 
and after drying. 

Free acid is determined by dissolving the salt in distilled water, subsequently 
titrating with N/10 caustic soda solution. 

Tar 

The moisture content should be determined by slow distillation of the crude 
tar, care being taken to avoid humping and frothing, while any oil distilled over 
with the moisture should be returned to the dehydrated and cooled tar residue. 

Specific gravity of dehydrated tar to be determined by hydrometer at 25° and 
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“ Free ’’ carbon is determined by extraction of the tar by benzene or other 
suitable solvent, and the ash by igniting the insoluble matter remaining. 

A distillation test of a dehydrated sample should be made, the following fractions 
being recorded : — 

, 0°-170° C. per cent. 

170"-230'^C. 

230°-270‘^C. 

2UT-mfC. -d 

Ihtch residue ==e „ 

Loss * =/ ^ „ 

• 

The quantity of tar acids may be determined on the dehydrated tar itself or 
separately on its various fractions by treatment with caustic soda solution and 
separating the tar acids from their soda salts by addition of sulphuric acid. 


(4) GAS METERING 

Measuring the whole quantity of gas made on a ])roducer gas plant is very 
seldom resorted on account of the first- cost of the meters. Further, the necessity 
of accui’ate measurement of the gas is not nearly as essential as in the case of a 
town’s gas works, since all the gas made in the proilucer gas plant is practically 
always consumed on the works itself. For accounting purposes the total quantity 
of fuel consumed is just as good a figure. 

Metering of hot crude gas is impossible with any of the present types of gas 
meters, due to the difficulties caused by the moisture, dust, or tar contained in the 
gas, consequently meters can OQly be employed for cold gas. 

Speaking generally, the use of gas meters on a producer gas plant is only justified 
where it is desired to know how to allot the total operating cost of the plant in proper 
relation to each one of several ga:.. consuming departments or where accurate testing 
is required. 

Any of the known types of meters used for lighting gas can be fised for producer 
gas so long as the usual specific gravity, etc., corrections are made. When bitu- 
minous producer gas is manufactured the tar sometimes interferes jvitli the accuracy 
of meters of the anemometer (rotary meters) pr of the displacement (wet [station] 
meter) type, and it is of advantage to arrange such meters to be by-passed for 
cleaning unless this can be done during shut-down periods. If meters of the 
Venturi or of the orifice type are fnstalled, tar is not so likely to cause difficulties 
so long as the flow through tlie throat or disc is such that tar can be drained away. 

If proper recording means are not installed with the meter it is always necessary 
to make volume corrections in accordance with temperature and pressure conditions, 
and for those meters where the velocity head of the gas is used to effect the metering, 
specific gravity corrections should also be made, since the specific weight of the 
gas alters with its dew point. 
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Regarding the accuracy of the meters it may be said that so long as the gas 
quantity to be measured is within the range of 10 to 100 per cent of the full-rated 
capacity, then the volume recorded should be correct within 2 per cent, so long as 
the meters are new and clean. 

Wlien an accuracy of within 5 per cent is satisfactory the Pitot tube or the 
orifice discharge method may be employed. The Pitot tube should be carefully 
calibrated for the size of main it is to be used in, while differential or curved pressure 
gauges are advantageously employed for accurate measurement of the low pressures 
generally involved. 

Whereas a Pitot tube recpiires some care and skill in calibration, very little 
trouble is involved in arranging a small box with a circular sharp-edged orifice 
through which the gas is discharged. 

Based upon the experiments of various researches the discharge velocity is — 

V 

in which a -discharge coe^cient = ()•() (within 5 per cent for 
a shar})-edged circular orifice),'*' 
p -Po= pressure difference, 

C = specific gravity of gas. 

On the basis of the above the discharge figures given in Table 70 have been calculated. 


Table 76 

Flow of Gas through Ortftoes in cub. ft. per Minute 


Ficssurc 1 
Uifforeiirc" 


in W.(«. 

1" 

2" 1 

a" 

V 

10-87 

43-5 

07-8 

r 

15-4 

61-0 

138 0 

W 

18-85 

75-4 

109-05 

2" 

21-8 

87-1 1 

105-1) 

r 

26-05' 

100-0 ! 

230-8 

4" 

30-8 

123-2 1 

277-2 

5" 

34-4 

137-0 i 

300-0 

6" 

37-7 

. 150-8 1 

330-3 


ot Oritici 


r 

.V' 

(i" 

7" 

173-0 

271-7 

301-3 

532-0 

240-4 

385 

554-4 

754 0 

301-0 

471 

078-0 

023-0 

348-4 

544-2 

783-7 

:oo7-o 

420-4 

000-2 

050 

1300 

492-8 

770 

1100 

1500 

550-4 

800 

1238 

1080 

003-2 

042-5 

1357 

1847 


S" 


10" 

11" 

12" 

095-7 

880-5 

1087 

1315 

1505 

985-(> 

1247 1 

1540 

1803 

2218 

1200 

1527 

1885 

2281 

2714 

1304 

1703 

2177 

2034 

3135 

1700 

2159 

2005 

3225 

3838 

1071 

2405 

3080 

3727 

4435 

2202 

2780 

3440 

4102' 

4954 

2413 

3054 

3770 

4502 

5420 


The table is worked out for a producer gas whicli has a specific gravity in 
reference to air at N.T.P. of *74 ( or *956 


J and a discharge coefficient = 0*65, 


cub. m. 



CHAPTER VIII 

OPERATING PRINCIPLES AND WORKING COSTS 

The most economical method of operation will vary with each particular type of 
])lant and the load conditions, consequently under this heading only such points 
as are applicabh' in common to most producer gas plants will be mentioned. 

Such points ^re : - 

(1) Starting up ol‘ plant. 

(2) Operation of plant. 

(3) Shut-ting down of ])lant. 

(4) Woriahg costs of plant. 


(I) STARTING UP OF PLANT 

All })art& should be examined to see that they are in working order. 

If the plant is entirely new, the following are the main points to observe : — 

Tlic brick-lining of the j)rod^icer should previously have been slowly dried out 
by a shallow fire and, when advisable, let out again to examine the lining and joints 
after drying. 

All water lutes and tanks sin mid be tested for tightness. 

All valves should be opened and closed, and direction of moving spindle when 
opening or closing distinctly marked. 

All internal parts should be freed from foreign materials accidentally left during 
erection, and all steam pipe branches disconnected at valves aiyi steam blown 
through. . 

All auxiliary machinery or mechanical parts of producer should be run for a 
certain length of time to ])rove capability of continuous running. 

In some cases it is advisable t5 test the jdant itself for gas tightness. This 
may be done by blowing air or smoke into the plant against a closed or slightly 
open valve, and by covering joints, or other points to be examined for tightness, 
with soapy water any leakages may be located. 

When all such matters have been attended to, the isolating valve of the gas 
producer should be closed and the chimney or purge pipe opened. . 

A wood fire is now laid on the grate (which should have been previously covered 
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with a protective layer of coarse ashes), one or more poke-holes or other doors a 
the base being left more or less open, thus enabling the fire to be started unde 
natural draught. The fire may be lit from the lower row of poke-holes or by droppin 
burning waste down from the top poke-holes. When the fire has become reasonabl 
even all round (fuel being thrown on and distributed from top to where the fix 
breaks through), a little air can be admitted under pressure to the fire. As th 
fire becomes more even and gains in depth, the air volume can be increased, and 
little steam may also be added (if a jet blower is not already employed). 

With larger producers it is always advisable to start up in this way to ensur 
an even fire from the commencenjent, but on smaller producers provided with 
hand blower (say, anthracite producers) air can be supplied by this to the fire 8 
soon as it is lit. , 

The quantity of coal to be charged and the fuel depth required before a suitabl 
gas is made will alter with the various installations ; most operators are, howevc] 
able to judge the quality of the gas by the look of the fuel bed, or the colour of th 
gas, or, as is sometimes said, whether the gas is “ thin or has body inU.” If necessary 
the gas can be tested by analysis, or a thin stream of the same ‘escaping und( 
pressure into the atmosphere may be lit and its quality judged by the flame. 

When the gas is of satisfactory quality, and the fuel bed in a suitable stai 
for carrying the required load, the gas may be passed through, tlic cleaning plan 
or hot gas piping, to its ))oint of use. Since such ])lant or piping may be filled wit 
air or foul gas, it is necessary to allow the fresh gas from the producer to sweep oi 
the whole plant properly, so that good producer gas is supplied for use and no pockei 
of explosive air and gas mixtures remain. During the process of sweeping on 
care should be taken that no open fires are brought near the plant so that the initii 
mixture of air and gas swept out cannot be ignited. 

% f 

Since the starting up of a producer always necessitates blowing gas into the atni< 
sphere, it is oft(‘n an advantage to use coke for lighting-up purposes, thus miniiuizir 

some of the nuisance attach(‘d to the foul gas froip, volatile fuels. 

• ' 

Before the gas is actually admitted at the furnace or engine, etc., it shoul 
again be tested by analysis or by burning in a small burner with wire gauze at i1 
mouth (to prevent back-firing). ♦ 

If the plant is jnovided with gas fans, care should be taken (in case these creal 
a vacuum on the plant) that all openings to atmosphere arc closed so that air canm 
be sucked in anywhere and mix with the gas. 

So long as an even fire is made in the producer and the principle of avoidin 
the ignition of any possible gas and air mixture is adhered to, the starting up ( 
producer gas jdant is one of the simplest and safest operations possible. 

While the starting of a producer afresh will require at least one or two hour; 
duration (and sometimes much longer) before a usable gas is made, the restartin 
from stand-by state is often carried out in ten to twenty minutes, depending upo 
the duration of the stand-by period and the state of the producer when left 1 
stand by. 
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When a gas cooling and cleaning plant is installed, it is advisable to “ follow 
up ” the gas and water pipe joints as the various parts become heated up/ Similar 
remarks apply to the steam pipes, the insulation of which should not be applied until 
after the joints have been followed up. 


(2) OPERATION OF PLANT 

Producer . — When an unknown fuel 'is to be used, ifc is advisable to work with a 
high saturation temperature for the first few days until it is found that less steam can 
be used without causing excessive clinker formation, when the saturation temperature 
may be gradually decreased until the most suitable conditions are established. 

A^Tieii the fuel is of a known kind, the air and steam mixture should at once 
be adjusted to a temperature known as suitable and maintained at this. 

• 

If the steam supplied varies in pressure, it is advisable to introduce a reducing valve, 
so that fluctuations in steam preWrc will not affect the blast temperature. 

For certain given conditions there is always one depth of fuel bed which is the 
most suitable. TIic fuel dex)th depends not only upon the top level of the freshly 
charged fuel, but also upon the top level of the ash zone. To maintain a constant 
fuel depth both fuel feeding and ash removal must be properly controlled ; if the 
producer is not provided witli means for the direct control of the fuel depth, it is 
necessary to insert through the fire from the top poking holes a measuring rod 
which reaches below the air slots in the grate. If such a rod is left in the fire for 
three to five minutes before mthdrawal, it will become heated at various points of 
its length to temperatures corjesponding to those existing in the fucFbed. It is 
usual to mark such a measuring rod for every foot of its length. 

In many cases the operator can judge the top level of the fuel by “ sight ’’ 
through the top poke-holes and *the ash level by “ feeling ” the producer casing at 
the lower end. ^ 

Ashing should be done as evenly and regularly as possible, buf the grate should 
always be covered with some ashes to protect it against burning out. When the 
ashing is done by hand, it is an advantage to remove the ashes ^t different places 
in each shift, thus bringing down the fuel bed mpre evenly. When done mechanically, 
the grate should revolve as slowly as possible, continuous ashing being generally 
preferable to intermittent ashing. WTien the producer is worked for only one shift 
out of three, ashing during operation should be avoided if at all practicable. 

Poking. — The fuel bed should be kept solid, and free from holes, for which pur- 
pose pokers are provided. But as a general rule it can be said that the more poking 
is done the more is poking needed. If a producer is excessively poked the fuel bed 
may become upset, say fresh fuel may fall into the ash zone and cause intense clinker 
formation! To know just where to poke and how to poke a producHir which requires 
it, needs more experience and skill than is often appreciated. Indeed the “ success ” 
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of a “ bad ” producer, or “ failure ” of a “ good ” producer, can in many cases be 
attributed to the degree of skill of the producer man. 

In cases where the fuel requires little or no poking, it is always advisable to 
insert a poker through the whole depth of fire, say once per shift, to ensure that the 
fire is free from clinker. 

Pokers may be made from tubing with solid chisel ends welded on, or they may 
be made solid right through ; in the latter case tliey become very heavy, but are more 
suitable when heavy clinker lias to be broken, the former type, on the other hand, 
being easier to handle and suitable for poking caking coals. 


Cleaktng Plant 

Di^st should be removed from dry dust outlets only when the gas is under 
pressure, and hot dust removed should be quenched to jirevent it from catching 
fire when the air has access to it. ^ 

AVhenever a door or poking hole is opened on the producer or" on those parts 
of the plant where the gas is hot, the precaution should be taken to kec]) the face 
out of the line of the gas current, since the gas may take fire. 

Tar should be regularly removed from the settling tanks. 

All lutes should be maintained full of water. 

All drain pipes should be cleaned from time to time. 

The cooling water quantity must be regulated according to load and temperature 
conditions. 

The gas must be tested for cleanliness from time to time and scrubbers repacked 
when needed. 

If the 'cotal pressure loss exceeds the normal, locate point by sectional pressure 
reading (by two pressure gauges) and clean out blockage. 


Daily Records 

On large producer installations it is essential to keep a daily log of the pressure 
and temperature fluctuations on the plant, thereby enabling atter.tion to be quickly 
drawn to any irre’gularities. 

By way of example a log sheelf such as is used on a Lymn type by-product 
recovery plant ^ is annexed. 

Since the two producers on this particular plant are in parallel, the pressure 
loss of each individual producer will be the same ; but should any producer unit 
possess a higher or smaller resistance than the others, it will be indicated by the 
difference in the quantity of fuel gasified. Obviously orifice pressure gauges may 
be inserted in the air blast pipes to enable more close control of the individual 
rates of gasification. 

1 By courtesy of the Hoffmann Manufacturing Co., Ltd., Chelmsford. 
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(3) SHUTTING DOWN OF PLANT 

• 

This may either be during more or less short periods, when the plant is “ standing 
by until gas is again required, or for the purpose of repairing or overhauling 
a certain part or the whole of the plant. In the first case the gas producer plant is 
not completely emptied of gas, which condition is absolutely essential in the second 
case. 

When a plant is “ standing by,” the fire in the producer is maintained by 
natural draught in such a state of incandescence that the fuel bed will be suitable 
for a quick start up the following morning. • The quantity of fuel consumed during 
the stand-by period increases inversely with tlie time required for starting up. 

Placing the producer on stand by is effected by shutting the main gas valve 
and opening the purge or chimney pipe on the gas outlet pipe from the producer, 
while a small 0 |fening is left in thC air main or lower part of the producer for air 
to be drawn iii. On larger proiu(*ers it is an advantage to admit the air in several 
places so that it is equally distributed, thus not only maintaining an even fire, but 
also preventing the tendency to clinker formation. 

The lumrly fuel consumption during stand-by periods differs considerably, but 
on the aj/erage may be said to vary between 2 per cent and 1 per cent of that required 
by the plant per hour when w^orking at full load ; the fuel burnt obviously has to 
make up for radiation losses oi the producer in addition to the sensible and potential 
contained in the waste g^ses. 

.Assunnng the stand-by period does not exceed twenty-four hours, it should, 
under average conditions, be possible to restart the producer making good gas in 
ten to twenty minutes, depending upon the means available for restarting, ie. 
whether mechanical blower or hand blower. 

When a cleaning plant is attached to the producer, the whole of this may be 
left full of gas, but since air ma^ leak into the system (due to contraction of the 
original warm gas), it is alw\ays an advantage when a restart is made to purge out 
the whole ])lant with fresh producer gas,, thus ensuriri^ a supply •of good gas for 
starting up and eliminating any possibje chance of an explosion taking place. 

AVhen the plant is to be completely emptied of gas to enable repairs or over- 
hauling to be carried out, we may distinguish between cases wKen the producer 
itself is emptied or when only a certain part of Ihe plant is separated from the other 
and emptied. 

The extinction of the fire in thc*{iroducer may be effected by blowing steam only • 
through the fire at the commencement, and afterwards perhaps run cold water into 
the top of the producer (taking care not to damage iron or brickwork by too quick 
contraction). When the fire is -thus extinguished the producer content can be 
withdrawn in the usual way of •ashing. On smaller producer units the hot fire is 
often withdrawn as soon as the producer is shut down, and although this is a more 
wasteful procedure, it is far quicker than the extinction by steam and water. 
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When sufficiently cooled by air draught through the empty producer, access can 
be had to the interior for repairs. Whenever a producer is emptied it is advisable 
to remove any possible clinker growth on the brick-fining and point the same with 
a fireclay cement. 

The cleaning out of mains or parts in which the gas during working has not 
come in contact with water may be done by burning out by air (see p. 376) if the 
mains are brick-fined, otherwise these must be cooled down by steam until the 
dust and soot be(*omes so c-old that there is no possibility of it igniting when air is 
admitted for final cooling and ventilation. 

Cold gas mains, wasliers, etc., or parts which do not contain dust or soot can 
be cleaned out by at once admitting air without any special precautions. 

No man should be permitted to work inside parts of a producer gas plant unless 
frofer and good vcnlilalivg means are provided, and no lights, other than protected 
electric lam])s, should be employed. 

For the same reasons as pointed out in connection with the starting u]), no 
o})en fights or fires should be ])ermitted near the ])lant when shutting down or sweep- 
ing out of the gas takes place. 

Although very few works making producer gas exhibit notices to this effect 
about their plant, it would appear advisable to make it a rule to prohibit smoking 
on the plant and using open fires near at hand. 

>Similar notices should be exhibited to the effect that producer gas is poisonous, 
and may be fatally injurious to the health when breathed in large quantities. (See 
Jlome Office Factory department, Forms No. 827 and 932.) 

By these remarks it should not be understood that danger is lurking about 
every part of a producer gas plant, because such a plant is less dangerous to operate 
than most machine tools, but such reminders are advisable for those who might, not 
know the possibilities of danger. 


(4) WORKING COSTS 

The costs qf working should be reasonably easy to arrive at for the engineer 
or chemist in charge of any existing gas producer plant, but such costs will only 
apply to the specific working conditions existing in this particular works. 

To give the person who considers the installation of a new plant a guide as to 
the estimation of the working costs, examples of how the cost of each of two different 
producer gas plants is estimated are given in the following - 

Plant (A).— Self -vaporizing j)rcducer gas plant (using anthracite beans and peas), 
of a full load capacity of 4 million B.T^U. per hour as clean producer gas, or with producer 
gas at 140 B.T.U. net per cub. ft., the full load hourly gas yield = 28,500 cub. ft. (N.T.P.), 

Plant (B). — Low temperature by-product producer gas plant (using bituminous 
coal), of a full load capacity of 90 million B.T.U. per hour as clean producer gas at 180 
5.T.U. net per cub. ft. Full load hourly gas yield = 500,000 cub. ft. (N.T.P.) 
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PLANT (A) 


Load condition : , 


c 36 hours per 

week at full load. 

12 „ 

,, half load. 

2 

„ starting u^). 

118 

,, standing by. 


Total heat quantity produced per week = 168 mill. B.T U. 

„ gas „ „ „ =1,200,000 cul). ft. (N.T.P.). 

Fvel mmlahle : 

Heating value . . . 1^,000 B^.T.U. fiet per lb. 

Cost ..... 40.S. per ton. 

Thermal effiekney guaranteed by makers on this fuel, say : 

80 per cent at full load, including steam. 

78 „ half 


Fuel coasamjiiloii : 


4,000, OCH.) X 1(K) 

il,0(X)x8() .... 

2,(XX),(.KX) X i(K) 

ll,(XK)x78 . ■ ' * ■ 

Starting uj) : 10 per c(‘iit of full load consumption 
Standing by : 3 ])er cent of full load consumption 


Full load 


Half load : 


Total 


Fih‘ 1 costa : 


Hourly. 

Weekly. 

= 357 lbs. 

12,862 lbs. 

= 183 „ 

2,1% ,, 

= 36 „ 

72 

=- 11 „ 

1,298 „ 


16.418 lbs. 


Per week = 7*33 tons (u') 40.s’. 


• . =£11 13.S*. 2-ld. 


Labour : 

1 man half time (ni £3 10.y. Od. per 52 hour week . , =£1 15s. Od. per week. 

Power : 

One centrifugal fan using ... 2 K.W.H. @ 1 Id. 

or, per week ...... 100 K.W.H. = 12s. 6d. • 

Coolwg water (fresh water supplied to plant) : 

Say 5 cub. ft. per KXX) cub. ft. of gas or 6000 cub. ft. per week, 
or, 37,500 galls, per week @ 9d. per 1000 galls., 
or, £1 8s. l-5d. 


Repairs and maintenance and sundries : 

2 per cent per annum on totaKmpital outlay (£950). 
or, £19 per‘unnum @ 50 working weeks, 
or, 7 s. 7*2d. per week. 
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Depreciation and interest^ say 12 per cent : 


Cost of gas plant itself erected 

. =£825 

Foundations 

. = 75 

Incidental expenditure, say 

. = 50 

Total . 

£950 

@12 per cent per annum . 

. £114. 

or, per week ...... 

. £2 bs, 7-2d. 

Summary of Weekly Working Costs- 

—Plant (A) 


£ s, d. 

Fuel 

14 13 2-4 

Labour ...... 

1 15 0 

Power ...... 

0 12 6 

Water ...... 

1 8 1-5 

Repairs, etc. . . . ... 

0 7 7*2 

Depreciation and interest 

2 5 7-2 

Total . 

£21 2 0-3 

Cost of gas per therm .... 

= 3*01 pence. 

„ 1000 . 

= 4-22 „ 

PLANT (B) 


Load condition : 


70(K) hours j)er annum at full load producing . 

. 630,000 mill. B.T.U. 

1600 „ ,, 1 load j)rodnc.ing 

. 36,000 

160 „ ,, standing by producing 

Nil 

C 

Total . 

. 66(M)(X) mill. B.T.U. 


Fuel availahk ;* 


Heating value . . . 12,000 B.T.U, net per lb. 

Cost . . . .18.'?. per ton. 


Makers guarantee — 

Thermal efficiency at full load , . 

„ i load .... 

Sulphate of ammonia yield j^er ton coal gasified . 
Tar yield per ton coal gasified . . . ' . 

Steam required for gas producers, blowers, sulphate 
evapQration, and tar dehydration . 


= 80 per cent. 

= 75 „ 

= 90 lbs. 

= 18 galls, (dry tar). 

= 1*1 lbs. per lb. of coal gasified. 
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Fuel consumption : 


(a) For net gas quantity — 


• 

p .. . 90,000,000 x 7000x100 

. ^ * 12,000x2240x80 

Tons per annum. 

29,300 


„ , 22,500,000x1600x100 

Quarterload: -j2_o^,2240 x 75 ' 

1,790 


Stand-by, restarting, etc., say 

= 10 


Total . • . 

31, KK) 


(b) For steam raising — ^ • 

Assume all steam raised in boilers firej by cold gas from producer plant, the 
boiler (‘fiiciency being 85 per cent, feed water temperature = 60° F., and steam 
pressure = 100 lbs. per sq. in. 

1 lb. of live steam contains ...... UGO B.T.U. 

, . 1160^100 

1 „ „ requires - .... =1365 „ 

. „ ^ 12,000x80 

1 lb. of cqal gasified yields .... =9600 „ 

1 ,, re(piires 1-1 lbs. of steam . . =1500 ,, 

1 • „ „ yields as net gas . . . . 8100 „ 

Total coal to he (jasifiedy in chiding steam raising : 

9600 

31 ,1 00 X = 36,900 ions per annum. • 

Annual fuel costs . . . 36, 9(X) tons @ 18s. =£33,210. 


L\bouk. 

Ratk of Pay. 


• 

Muir, her 

Number 

Number 


Per annum 

Duty. 

per 

of 

per 

Per Week. 

of 


Shift. 

Shifts. 

24 Hoars. 

• 

52 Weeks. 


• 



£ ^f. d. 

£ 

Producers and boiler . 

4 

3 

12 

3 5 0 

2028 

Ash and coal handling 

2 

2 

4 

2 15 • 0 

572 

Machinery house 

1 

3 . 

3 

3 5 0 

507 

Tar tanks, etc 

1 

3 

3 

2 15 0 

429 

Tar dehydration .... 

1. 

2 

2 

3 0 0 

312 

Sulphate evaporation 

2 

2 

4 

3 0 0 

624 

Sulphate packing, etc. 

2 

1 

. 2 

2 15 0 

286 

Charge-hand .... 

1 

9 

3 

3 

5 0 0 

780 

Total 

— ■_ 

33 


5538 


Management and general charges^ etc.^ say^ £1000 per annum. 
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Power : 

Maximum load . • . . =150 kw. 
Average , . =130 „ 


All power for auxiliaries generated by using live steam from boiler in 150 kw. 
exhausting turbo generator, the exhaust steam being conveyed to producers and 
sulphate plant. In this way no charge for 'power is required. 

Water : 

For steam raising 1*1 X 36,900 . . . . . =40,500 tons. 

+ 5 per cent for wet steam = 2,000 „ 

~ — 42,500 tons. 

For gas cooling (wat<‘r cooling tower installed), sulphates 
plant condenser, surface evaporation, etc., say . 56,500 „ 


99.000 tons. 


22,200 thousand gallons @ 6<?. 

Pe fairs and maintenance : 

21 per cent on total capital outlay 


= £555 per annum. 


= £825 ])eT annum. 


Pags for sulphate, oil, waste, and sundry materials : 

20 bags per ton sulphat(‘ (d) 6d, 

Bags for sulphate = 1480 x 10.s\ . 

Oil, waste, and sundry materials, say 

Total 


= £740 per annum. 


= 4(W.) „ 


}> 


= £1140 per annum. 


Snlphnric acid : 

1 ton of sulphate of ammonia requires 1 ton sidpliuric 
acid (140° Tw.). 

1 480 tons acid £3 . . . . ' . . =£4440 per annum. 


Depreciation and 'interest : 

Cost of gas plant with boiler, water cooling, and ])ower jilants . = £29,000 

Foundations and buildings .......= 3,(XX) 

Sundry expenditure = 1,000 

£33,000 

@ 1 2 per cent per annum ^ = £3960 


By-products made : • 

36 900 X 90 £ «. d 

Sulphate of ammonia : ~~ ^ ® ~ 21,460 0 C 

Tar; 36,900x18 = 664,200 gallons® 3d. per gallon . . . = 8,302 0 ( 


Total . 


£29,762 0 ( 
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Summary of Working Costs — Plant (B) 


Debit : 


• 

£ 

s. 

d. 

Fuel ....... 

. 33,210 

0 

0 

Labour 

. r),538 

0 

0 

Management and general charges . 

. 1,000 

0 

0 

Water 

550 

0 

0 

Bejjairs and maintenance 

825 

0 

0 

Sundry material and stores 

. 1,140 

0 

0 

Sulphuric acid ...... 

. 4,440 

0 

0 

Depreciation and interest 

• 

. 3,960 

0 

0 

Total debit ‘ . 

• 

. £50,663 

0 

0 

By-products ...... 

. £29,762 

0 

0 

Total annual working costs 

= £20,901 

0 

0 


Credit . 

Cost of gas 2)cr therm — 

Cost of*gas pei KKK) cub. ft. 


20,901 x240 
0,660,(K)0 

20,901x240x180 
6GG,000,(KK) 


= *75 i)cnce. 
= 1-35 „ 


It will be plain jroin the above that so many conditions affect an estimate of 
this kind that it is essential that the basis of estimating the various items involved 
be stated in detail. 

Lilly very few working cost estimates are so complicated as that of Plant (B), 
and many are very much sin, pier than that of Plant (A). As an insUince, the 
estimation of the working costs of semi-gas-fired furnaces or hot gas producer plants 
involves only a few single items of expenditure. 
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OUTLINE OF PRODUCER GAS UTILIZATION 

Every maQufacturing concern naturallj^ desires to use that system of power or 
heat generation which suits the conditions obts-ining and at the same time is the 
most economical. * • 

With a power plant the application of gUs to a prime mover is nowadays prac- 
tically a “ cut and dried proposition, which, however, cannot be said about the 
ap])lication of gas for heating. Whereas the principle of gas application for a gas 
power plant ix/*a steel works, a glass works, or a motor car works will be similar 
and the same efficiency will be gbtained under equal load conditions, the application 
of the gas to the various heating processes of these tliree works will differ consider- 
ably, depending upon the chemical or metallurgical process involved. 

Economy in operation may therefore be far simpler to judge in cases where 
the use pf producer gas is considered in reference to power production than to heat 
application, because each heating j)rocess requires separate and special consideration 
if the application is ro be efficient. 

It is therefore essential for works interested in heat application to know, not 
only^that producer gas can be supplied in a certain form at a certain cost per unit 
of heat, but also that its application in their particular furnaces or for their particular 
process will be economical. * ^ 

The whole subject of application of producer gas is a very extensive one and 
worthy of a separate treatise, therefore w^e shall in the following give in outline only 
some typical exam])les of cases inVhich producer gas has been employed, and show 
how to judge the furnace utilization efficiency of various gases when a])plied in an 
equally efficient way, and a brief comparison of the prop*erties of vai*lous gases when 
used in furnaces : — , 

Chapter IX. — Typical Applications. 

„ X. — Comparison of Utilization Efficiency of various Gases in 

Furnaces 




CHAPTER IX 

TYPICAL APPLICATIONS Of PRODUCER GAS 

0 

For conversion into work either directly or indirectly we can use producer gas in — 

Gas engines. 

Boiler to raise steam for engines or turbines. 

Himijihrey pumj). 

Gas turbine. 

For application of heat either directly or indirectly we can use producer 
gas for — • 

* Melting. 

Fusing. 

Calcining. 

Burning (clay). 

Reheating, forging,- and other solid metal treatment. 

Dryins- 

Evaporation and recti lying. 

etc., etc., etc. 

• 

POWER APPLK AT10N§ 

At the present stage of industrial de\ elopment the gas engine converts about 
25 per cent of the lieat of the jiroducer gas into useful work when the engine is 
working at full load, but whereas the efficiency of steam engines *or turbines does 
not decrease appreciably with a decrease in the load factor, the reverse is the case 
with the gas engine. The employment of a single gas engine will therefore not be 
foimd economical for works with poVer plants of a low load factor, while if several 
gas engine units can be installed in the power-station the wasteful procedure of 
carrying low load on any single engine unit can be reduced to a minimum. 

Being of the internal combilstion reciprocating type, the gas engine requires 
more ample dimensioning than a'Hteam engine for the same power, hence its weight 
and cost p^r installed H.P. is higher. For the same reason it is not possible to buil(J 
gas engines in such large units as it is possible to build steam turbines. Whereas 
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the gas engines in this country are mainly of the vertical multi-cylinder type of a 
maximum of, say, 1500 the horizontal engine is more in vogue in Germany, 

where tandem units of up to 5000 B.H.P. have been built. 

The amount of heat that a gas engine can turn into work from a given gas 
depends upon how far the gas and air mixture can be compressed without pre-ignition, 
since the higher the compression pressure the higher will be the explosion and mean 
effective pressure. Since the effect of the compression is to increase the temperature 
of the combustible mixture, the tendency for a gas to pre-ignite will depend in the 
first instance upon its ignition temperature. 


Gas. 

Approximate Average Ignition 
Temperature “ C. wlien 


mixed with Air. 

Carbon monoxide . 

. CO 650 

Hydrogen . . . . 

. H 2 580 

Methane . . . . 

. CH^ 700 

Sulphuretted hydrogen . 

. lIjS , 360 


Practice bears out that a gas high in carbon monoxide and low in hydrogen 
content can be compressed more than a gas of the reverse comj)ositlon (without 
undue pre-ignition risks), thereby confirming in general the above figures. 

The ignition temperature will also alter with the concentration of the ]>ar- 
bicular gas in the combustible mixture, and in practice it would a})])ear that a fluctua- 
tion in gas quality (even increase in methane content) is the most serious limitation 
as to the permissible degree of compression of the engine charge. 

The main object of a gas producer plant used for driving gas engines is, there- 
fore, constancy of gas quality, for not only is a smooth working without pre-ignition 
the result, but the air and gas valves can be so adjusted that the least amount of 
excess air is retained in the exhaust gases, A well-oj)erated producer gas engine 
should show not more than 2 to 2-5 per cent of oxygen and no carbon nmnoxide 
in the exhaust gases. 

With the steam engine or turbine the maximum conversion efficiency from heat 
to power may be said to have been achieved, because the heat which is retained 
in a modem plant as latent heat in the steam to be condensed is decreased to the 
minimum, being in a form not capable of utilization. The same cannot be said 
about a gas engine, because its main sources of heat loss, the exhaust gases, and the 
jacket water are capable of further utilization than has so far been the case. 

An exhaust gas boiler of the multi-tubular type, and with a feed water heater, 
can raise from the exhaust gases of most engines between 2 and 3 lbs. of live steam 
per B.H.P. developed in the gas engine. If such steam be utilized in a steam 
turbine, additional power (say 25 per cent on gas engine H.P.) will be available, 
[n other words, a “ mixed ” power station consisting of 80 per cent gas engines and 
2,0 per cent steam turbines would develop the sanie power for 20 per cent less fuel 
ljurnt in the gas producer plant as a plant consisting of 100 per cent gas engines 
without exhaust gas boilers. A “ mixed ” power station would, however; have 
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certain disadvantages connected with its operation and would only be suitable for 
larger installations. 

The hot -water from the gas engine cooling system if ' circulated over an air- 
saturating tower on the gas producer plant can supply all the steam required even 
on a by-pjoduct producer gas plant. 

There is no danger in maintaining the jacket water of most engines at tem- 
peratures approaching 90^" C., when a positive circulation is ensured, so that where 
a jacket water air saturator system is used it should be possible to reduce the fuel 
consumption pei unit of power by a percentage varying from 5 to 20 per cent, 
depending on the steam consumption of the gas producer plant. 

A producer-gas-fired steam boiler does not* differ from boilers fired by other 
gases except in the design of the burner. The matter of steam raising by means 
of producer ^as, whether used for power ])urposes or not, is one in regard to which 
all the remarks made in Chapter X. apjdy ; therefore that burner and boiler design 
which will give the highest efficiency is the one in which the highest initial and the 
lowest final temjierature of the jnoducts of combustion is obtained. 

Gas firing of a boiler in contradistinction to coal firing may claim to possess 
the advantages of easy and more perfect control (hence higher thermal efficiency), 
elimination of labour for coal and ash handling, no wear and tear on grates, and no 
sooting or flue-biOcking troubles. With certain types of gas-firing arrangements 
further "savings are claimed in regard to decreased first capital outlay and space 
occu])ied. 

Although a higher thermal efficiency is generally obtained when a boiler is 
gas fired instead of c/)al fired, it should not be overlooked that the over-all thermal 
efficiency of a. gas-fired boiler with a gas producer is generally less than that of an 
equally modern direct coal-fired boiler, except ])erhaps in cases where the hot crude 
producer gas is burnt in the b(wler immediately it leaves the ])roducer.* Whether 
the over-all working costs are less depends upon the c^)sts of production of the 
producer gas, which may have been made from a lower grade of fuel than used 
under the boilers or generated with the simultaneous rjecovery of by-products. 

When the solid fuel available contains an excessive amount of moisture, say 
])eat, wood, lignite, it is, however, possible to achieve a higher Sver-all thermal 
efficiency with a boiler fired with cold* producer gas instead of direct firing with the 
moist fuel ; the reason being that in the case of the producer gas the moisture content 
of the fuel is condensed out during the cooling process, and thus the attainment 
of a very much higher initial combustion temperature, and therefore higher gas- 
firing efficiency, becomes possible in the boiler. 

We may speak about three types of gas-fired boilers depending upon the pressures 
of the gas and air used for combustion in referei^pe to the atmospheric pressure. 

• 

(a) Gas under pressure and *air sucked in by chimney draught. This is the 
most common type to which belong such burners as the Terbec, Cumber- 
*land. Hunter, etc. This system can be applied to most of the existing 
types of coal-fired boilers. 
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(b) Gas and air under pressure as used in high temperature furnaces. When 

the troubles of possible back-firing are eliminated this type of burner 
is likely to give the highest thermal efficiency on account of the intimate 
admixture of air and gas in the compressed jets, A\hich results in a high 
initial temperature. The first surface combustion boilers put forward 
by Bone and McCourt were of this type. In the present Bonecourt- 
Kirke boiler type, however — 

(c) Gas and air is thoroughly intermixed by the induced draught of a high 

vacuum fan handling the hot products of combustion. In most cases 
the gas is su])plied under pressure to a large number of jets, but the 
gas and air mixture is at a pressure below atmospheric Avlicn ignited. 

When fired with cold producer gas the thermal efficiency of the boilers under 
[leadings (b) and (c) has been found to be between 85 and 90 per cent, when the 
boiler includes a feed-water heater. When the burners under heading (u) are fitted 
jO existing boilers of reasonably efficient design it should be possib’e to achieve a 
?as-firing efficiency of 70 to 80 per cent. 

It is obviously best to use jiroducer gas in its cooled and cleaned state for boiler 
iring, because it can be minutely controlled in valves and can be mi^^ed with the 
lir before combustion. On the other hand, there is no difficulty in burning hot 
•rude })roducer gas efficiently in a boiler so long as the burner is designed suitably 
[or the purpose. 

Before leaving the subject of power production from ])rodurer gas, mention 
diould be made of two other means for converting the hcAu in the gas into work, 
vhich, although they cannot be said to have been a])])lied on a wide commercial 
icale, indicate the line of possible future gas power developments. 

The Humphrey pump is the invention of Mr. H. A. Humjilirey, who 

n 1909 ^ laid down the following as being the requirements of an ideal internal 
combustion engine : — 

(1) It must be capable of giving four unequal strokes. 

(2) It must utilize the whole possible range of expansion down to atmospheric 

presfiure. 

(3) The energy must be delivered direct to the fly-wheel without any inter- 

mediate parts. 

(4) There must be internal cooling arrangements so that the cyhnders may 

be made of any size within the limits of structural possibility. 

(5) There must be an ignition device, but as there is no two-to-one shaft to 

operate it, it must be entirely automatic and depend only upon the 
compression pressure haying reached a maximum. 

(6) Difficulties connected with contraction and exjmnsion must be eliminated. 

By the use of a “water piston” which also ^serves as a “reciprocating fly- 
vheel ” these conditions would seem to have been fulfilled in the Humphrey pump. 

^ “ Internal Combustion Pump and other Applications of a new Principle,” Proc. Inst,, Mech. 
Engineers t December 3, 1909. 
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Fig. 333 shows a diagram of the first experimental pump, Which is the simplest 
form of construction. 

A is the explosion chamber, fitted at the top with gas and air inlet valve B ■ 
and exhaust valve C, the seat of the latter being at the lowest level. The explosion 
chamber is continued by a U-shaped pipe D, with which a low-level tank E 
and a high-level tank F are in communication. This pipe is charged with water 
which moves forward and backward, the utilization of the particular properties pos- 
sessed by this reciprocating water column being the main principle of this invention. 

Assume a compressed combustible cjiarge at the top of A is ignited, the con- 
sequent increase of pressure forces the water column to move towards tank F, 



thereby increasing the high-water level. Due to the kinetic energy of the moving 
water the combusted charge in A will expand *to a pressure which is less than the 
pressure of the water in the tank E, thus causing the suction valve G to open and 
the admission of fresh water to the pump. 

When the energy of the water column is spept, it starts on its “ return stroke,’^ 
causing the products of combustion in A to be exhausted through valve C (the 
suction valve G automatically closing on the reversal of the how). When the 
returning water reaches the level of valve disc C, tliis closes automatically, while 
the small 4uantity of exhaust gases remaining in A is compressed until the water 
column is again brought to rest, and restarted on a shorter second forward stroke, 
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Juring which gas and air is sucked in through B ; this combustible mixture is 
jompr^ssed on the second return stroke ready foL’ ignition and the repetition of a 
new operating cycle. 

A five-unit pumping installation ^ of a total capacity of 180 million gallons per 
diem was installed at Chingford, Essex, for the Metropolitan Water Board, the 
pumps being operated by a Dowson type of anthracite producer gas plant. The 
demonstration tests revealed that less than 1 lb. of anthracite was required per 
water H.P., thus demonstrating in full the economy of this type of gas pump over 
the ordinary steam-driven or electrically-driven pumping outfits. 

In accordance with a private communication from Mr. H. A. Humphrey, 
immediately preceding the outbreak of war the Egyptian Government placed a 
contract for the erection of a gas-pumping station at Mex, Alexandria, of 1000 
million gallons daily pumping capacity ; this contract was, however, subsequently 
cancelled by clients due to financial conditions brought about by the war. 

The Humphrey pump is now manufactured by Sir Win. Bjardmore, Ltd., 
Glasgow, and by the Worthington Pump and Machinery Corporation, U.S.A. 

Those interested in the design of this pump are referred to articles which have 
appeared in Engineer, March 14, 1913, or Engineering, February 14, 1913, while the 
theory and mathematical treatment of the machine may be found in Engineering, 
February 10, 1910, and in Zeitsch, d. Ver, Dent. Ing., January 1913. 

In connection with the use of turbines for power production it is interesting 
to know that the Siemens-Schuckerty^erke, Berlin, built a two-cycle Humphrey 
pump of 1000 B.H.P. which supydied a water turbine driving an electric generator. 
The very large size and weight of the apparatus, however, militated against its 
chances of competition with the compact modern steam turbine. 

A 1000 B.H.P. gas turbine was built in Germany; previous to the war. It was 
the invention of Herr H. Holzwarth, and v^as of the vertical type, the generator 
being superimposed upon the turbine. On the basis of the operating results obtained 
by the same the Thyssen Company of Muehlheim have lately built a 500 H.P. oil 
turbine, and had in the summer of 1922 under construction a 5000 kw. unit. Both 
of these turbines are of the horizontal type, generally as shown in fig. 334. 

A large number of horizontal pear-shaped combustion chambers are arranged 
concentrically round the turbine shaft between the turbine wheel and the electric 
generator. The cycle of operation in each chamber is the admission of gas and air 
and the explosion, with consecutive expansion and emission of the products of 
combustion through nozzles on to the turbine blades. The various chambers 
work in rotation, the action of the gases ejected out of the various nozzles on the 
turbine wheel being analogous to, say, a machine-gun fire. 

When one considers that in the steam turbine the difference between the initial 

1 ‘ 

and final pressures is of a ratio of, say, while that of a gas engine or turbine 

is at most i, it is obvious that (even when the large heat waste in the^ condensed 
2U 


^ Enginemng, December 1913. 



TYPICAL APPLICATIONS OF PRODUCER GAS 493 

steam is borne in mind) it is essential to employ very much higher temperatures 
in the gas turbine than in the steam turbine if the same heat to power conversion 
efficiency is to be obtained. 

• The chief difficulty, therefore, that is to be considered in connection with the 
operation ,of the gas turbine is the effect upon the blades of the impinging hot gases. 
The average temperature of the gases in the turbine wheel is about 400“ to 450° C.,. 



while the maximum temperature may be over 1000° C, : it is claimed, however, that 
the metal now to be employed in the Holzwarth turbine is capable of withstanding 
these temperatures, and that the efSciency will approach that of the gas engine. 

The heat consumption per B.H.P. of the KJOO H.P. vertical turbine was about 
16,000 B.T.U., and even if •the new horizontal turbine should not reach the gas 
consumption of JO, 000 B.T.U. usttal in gas engines, it should not be overlooked that 
the capital cost per installed B.H.P. is likely to be much less than that of present- 
day gas engines.’ At the moment we must, however, wait to see whether the 
* As per Mr. Arthur H. Lymn, London. 
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expectations as to the performance of the new machine will be achieved in regular 
works operation. 


HEAT APPLICATIONS 

If producer gas is to be economically applied to any operation recjuiring heat 
treatment, it is not only necessary to consider the process to be carried out from 



Elevation. 



Crx>ss Section. ToChmnea 



a physical and chemical point of view, but we also must remember that the tempera- 
ture conditions existing throughout the whole period of treatment, the time of 
treatment, the physical state, and other properties of the raw material and the 
final product, the operating conditions of the j)articular works, the cost of installa- 
tion, the furnace construction materials available, etc., etc., are factors which all 
influence the design of furnace, and hence also the method of applying the producer 
gas. 

Fig. 335 shows a melting furnace using hot crude producer gas and particularly 
designed for the refining of coffer ores ; it is, however, similar in design to the open 
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hearth type of furnace extensively employed in steel works, since the temperature 
required to obtain a properly liquid slag from the ore approaches that required in 
many Siemens furnaces. • " 

, To enable the high temperature reijuired to be economically achieved the gas 
and air are pre-heated before combustion in separate underground chequer brick 
regenerators which have been previously heated up by the hot products of com-, 
bustion leaving the furnace. To enable a sufficient amount of pre-heating to be 
continuously obtained the flow of the gas and air (and (consequently also the flow 
of the products .►of combustion) is reversed otie or more times hourly. Such a 
furnace is therefore called a gas and aiY reversing regenerative furnace. When the 
gas supplied has a sufficiently high temperatur^, or is sufficiently high in calorific 
value, the gas regenerating chambers are Some- 
times omitted, the furnace thus being called'* a 
reversing air regenerative furnace. 

Fig. 33h shows another type of melting 
furnace, viz.* fui melting of lead. The furnace 
is mounVd o:t rollers, thus being of the port- 
able type. It is arranged for the use of cold 
producer grjt-i, the same being admitted in a 
bunsen type of jet. The melting point of lead 
being 327"' C., it is not essential from the point 
of view of heat economy to })re-heat either 
air or gas. 

Fig. 337 shows a gas and air reversing 
regenerative glass tank furnace used for large- 
scale glass production. The regenerative system 
is in ])rinciple the same as that shown in fig. 

335, but the flame ])asses across the hearth 
instead of along it. 

The regeuerators of glass ‘ furnaces or (iAs-Kium. Leai, 

furnaces for products which remain fluid over Mklting i\)t (John Wkioht & Co.), 
a wide temperature range should never be * • 

placed under the hearth (or tank).^ This precaution is necessary to prevent 
regenerator blockages by the possible percolation of the furnace contents. When 
the furnace is to deal with valuable metals (say cop])er, tin, eftc.) the possible 
loss of metal by percolation is of serious consequence, and the hearth should 
be air cooled and provided with a pit for collecting any. .such leakages (see fig. 
335). 

When a purer glass is required the flame of the gas must not be brought into 
contact with the molten chaj-ge, which is contained in “ pots.” A vertical section 
through a glms pot f urnace is shown in fig. 338. 

The furnace is of the sem^gas-fired type, the gas from the producer being 
admitted through* a central opening in the furnace, which contains side slots for the 
air. The top of the furnace containing the pots is circular in plan, and the products 





I'to. 337. — Producer Gas-ffred Glass Tank Furnace (Stein & Atkinson). 
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bf combustion, after sweeping over and round the pots, -are removed through 


several holes near the floor. 

Another, example of a. furnace 
ii\ which the product is heated in- 
directly is the enamdling mvffie, 
shown in fig. 339. In this the 
flame passes all round the miifiie, 
which should be made of thin re- 
fractory materiaJ of high heat con- 
ductivity. 

The furnaces shown in figs. 
338 and 339, as well as that in fig. 
342, arc all provided with air 
pre-heating arrangements, which 
consist of a chamber charged A'ith 
specically shaded hollow bricks 
joined together in such a »\vay 
that the interstices left form 
separate di¥*ts for the air and for 
the hot produces of combustion. 
Such fitfnaces are designated as air 
rec uperati oe fur naces . 

The advantages of the rc- 



Fiu. ^38 . — Producer Gas-fired Glass Pots 
(TIermanskn). 


ciipcrative system of pre-lieating 


ove^ the air regenerative svstem consist in the absence of reversing valves, with 



Fig. 339. — Producer GXs-fired Enamelling Muffle (Hermansen,). 


consequent labour and attention, and in the fact that the pre-heating temperature 

* 32 





Fig. 340. — Pkoducer Gas-fiued Lime Kiln (Hekmansej^). 
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To avoid serious leakages recuperators are generally not made more than ’6 feet 
in length, and the closely fitting joint between each brick or block is recesse^d, while 
the weight of each block is carried directly from the underlying blocks and not by 
the joint. Kecuperator joints are sometimes pointed with sodium compounds such 
as the cf^rbonate, which when heated up form a “ plastic glass ” joint with the silica 
in the bricks. 

A producer gas fired lime or dolomite liln is shown in fig. 340. The gas enters 
through slots about one-third way up the kiln, while some of the air for combustion 
of the gas is pa^ed through the calcine^J jnaterial, thus cooling the latter somewhat 
previous to discharge. • 

Seeing that the waste gases from a lime kiln«,re rich in COg, it is not unlikely that 
operating economy could be obtained by ^iartly substituting the steam in the air 
blast by su 4 *h gases, instead of by ordinary products of combustion of producer gas. 

Fjg. 341 is n examjile of one type of lyrick kiln fired by producer gas. 



Fig. 341.— Phoduc’ek Gas-itrkd T j^el Type or Postinlous Brick Kiln (In pernational Co.). 

• 

The kiln consists of two tunnels, each of which is divided into a series of com- 
partments by temporary arches. The bricks in each compartment are in a different 
stage of the burning process from those in the next compartinents ; the air for com- 
bustion being jiassed through compartments of hot burnt bricks, thus being gradually 
pre-heated before burning the gas at jbhe Hottest compart-meiit, while the products 
of combustion pass through green brick compartments of gradually decreasing 
temperature, thus pre-heating the bricks before burning. AVhen Ihe bricks in the 
hottest compartment are blirnt, the gas is conducted to the nearest chamber with 
pre-heated bricks, and so on. 

Fig. 342 shows a forge furnace of the air recuperative type and fired by means 
of hot producer gas. This design gives a good as to the flow of air and products 
of combustion through the recuperators. 

Fig. 343 shows a high-speed idol furnace fired by cold air and gas. The furnace 
is of the surface combustion tyfie, and the cold gas and air are intimately mixed 
together mider Ifigh pressure before being injected upon the refractory material. 
The hot products from the lower chamber are utilized further in the upper chamber. 
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Fig. 344: shows a rotary heat treatment furnace in which the gas burns at the 



Fig. 342.--Piioduceii Gas-fired RECurEiuTivE FoPGI^u Furnace (Stein & Atkinson). 


‘discharge end of the rotary drum, which is provided with an internal spiral convey inj 
the material to be heated in counter direction to the path of the hot gases.*. 
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Fig. 345 shows a carhuriziyig stove such as is used fot cold clean producer 
gas. The gas enters at the base of the furnace through a series of bunsen burners, 



J'lQ. 343.— High-speed Tool Furnace (British Furnaces I^td.). 



Fig. 344.— Rotary HjAt Treatment Furnace (Rockwell Co.). 


while secondary •air is admitted through adjustable openings in the sides of tl^e 
stove casing. 
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,Fio. 346. — Producer Gas-fteed Plate Heating Furnace (Power Gas CoRPORATroR). 


TYPICAL APPLICATIONS OF PRODUCER GAS 603 

Fig. 346 is a pliotograph of a producer gas-fired plate and angle heating fumacet 
such as is used in shipyard or constructional steel workshops. 



Fi(i. :i47. — I’KODiJCEii (iIas-fikki) Boilin(; F\n (Ehruakdt & Siciimkr). 

Fig. 'U7 soi vt‘s as an cxani])le to show liow hot producer gas may be apy)lied 
for ]H‘{iting a boiling or c()n(‘entrating pan in a chemical works. To avoid the 
'i cut ting” a(‘tion of the gas. flame on tlie base a ])erf orated deflecting brick arch 



Fio. 348. — Producer (tas-fiued Dryinij IStove for Cycle Frames (Deutz). 


is provided between the burner mouth and the pot base. In other types the path 
of the hot ^ases ft sometimes made to take a circular passage round the pot. • 
Fig. 348 shows a drying stove for cycle frames heated by producer gas. The 
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gas may be burnt directly in the stove or in radiators, depending upon the specific 
property of the enamel or paint used. 

Fig. 349 shows by way of example the various small heating purposes to which 
producer gas previously purified from hydrogen sulphide (where necessary) can be 
employed. When producer gas is burnt in open flames in working rooms where a 
large number of people are employed, it is always advisable to remove the main 
bullc of the sulphuretted hydrogen in the gas, or to use fuels, say certain anthracites, 
which are low in sulphur content. 

It will have been noticed that for the various applications illustrated in figs. 
335 to 349, sometimes hot crude gas and sometimes cold producer gas have been 
employed. For- most of the purposes either type of gas can be employed efficiently 



Fig. 349. — Si^roRv small Applications of Producer GIas (National G. K. Coy.). 


if the furnaice is designed accordingly, but which system will be the most economical 
in operation depends entirely upon the operating conditions of the jiarticular works 
in question. » 

Thus where a few furnaces of small cajiacity exist in which the furnace-man 
can also attend to the producer, a semi-gas- fired furnace is probably a good invest- 
ment. On the other hand, where large fuel quantities have to be gasified for a certain 
number of furnaces, or heavy work is requirM of the furnace-man, it is probably 
advantageous to employ a central gas producer plant. 

Where a large number of small furnaces are to be^heated, and where minute 
temperature control is essential, cold cleaned producer gas is always likely to be the 
most suitable. 



CHAPTER X 

• • 

COMPARISON OF UTILIZATION EFFICIENCY OF 
' • VARIOUS GASES JN ‘FURNACES 

Since the degree of efficiency of most gas-fired furnaces mainly depends upon the 
method of application, a general survey only of gaseous combustion from a thermal 
point of vicvr can be given. 

The folio /iiig are the msii^ factors to be considered when a systematic com- 
parison between the utility of various types of producer gas and other industrial 
gases is to made : — 

1. The composition and properties of the gas and its components. 

11.* The composition and properties of the juoducts of combustion. 

• 111. The temperature of cCunbustion of the gas in the furnace. 

JV. The temperature of the products of combustion leaving the furnace; or 
the heat retained in the furnace proper. * 

• • 

1. COJVIBUSTIBLE GASES 

In Table 77 the main properties are given of the usual combustible components 
of industrial gases. The properties given in this table have as far as possible been • 
based upon figures obtained by well-known scientists ; .but as some of the results of 
these various original researches differ slightly, the actual figures represent an average 
of those results which seem to have been most accurately determined. 

The points which have mainly to be considered by the furnace user are not so 
much the heating value per unit of volume or gas as — 

(a) The velocity of burmng (flame propagation) of the combustible mixture. 

(b) The concentration of combustible gas particles per unit volume of mixed 

gas and air previous to coffibustion, since the distance between combustible 
gas and oxygen particles will determine the rate of combustion. 

(c) The concentration oi heat referred to a unit volume of the products of 

combustion, i.e. the thermic potential of the products of combustion. 

(d) The theoretical temperature of combustion when burnt with air, which is 

directly* proportional to the thermic potential of the products of com.- 
bustion. 
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• ^ 

From this table it should be noticed that carbon monoxide shows the highest 
concentration of heat (thermic potential) per unit volume of its products of com- 
bustion ; hence at the same exit temperature from a furnace its products of com- ■ 
bugtion will contain a» smaller fraction of the ]iotential heat than in the case of any 
of the other gases. 

Hydrogen burns with the highest flame velocity, consequently where quick' 
burning and high initial temperature arc required a high content of hydrogen in the 
gas is an advantage ; but carbon monoxide and methane, due to their slower com- 
bustion rates, are more suitable wliere even heating throughout the whole of the 
furnace space is required. 


IT. PUODIJC TS OF fOMPUSTJON 

In * Table 78 Neumann’s ^ complete figures for the mean s])ecific heat at 
constant pressu ])er unit voliiuic at N.T.?. of various products of combustion are 
given. , 

The specific heat values giVen for water vapour and (‘arbon dioxide are not the 
apjiareiit omjs for temperatures above IGOO' to 1800 C. due to the increasing dis- 
sociation of these two gases with rise in temperature. However, the employment 
of such or higher fen.peratures inpis-firiiig practice is extremely exceptional. 

The total heat lost in the ])roducts of combustion varies not only with their 
final tem])erature, but also with their content of incompletely burnt gas or oxygen 
(excc^hs air). Inconipleteh^ burnt gas in the products indicates a far higher thermal 
loss than the same (piaiitity of oxygen, and hence such a result should be, avoided 
where practicable. • 

It can be taken as a genei A rule that theoretically conqilete combustion witjiout 
excess air is not attainable even*if gas of constant composition can be relied iqion 
and the heat re(|uirement of the furnace remains constant T It is, however, possible 
to a])])roach this condition far mole closely with gas firing than when burning solid 
fuel, due to the great eas(‘ wherewith the relative air and*gas volumes can be regulated 
and controlled. * 

For equally eflicient apjilications of tlu various gases the minimum quantity of 
excess air required decreases inversely with the volumetric concentration of the gas 
])articles in the combustible mixture of air and gas previous to ot after the ])oint 
of ignition, and with (fie avmige temperature existing until combustion u completed. 
This average temperature is dependent both upon the velqgity of combustion and 
the ‘‘ theoretical ” flame temperature. The latter is generally termed ‘‘ thermal 
intensity,” which would appear to be a misnomer, since the intensity of the com- 
bustion is a function both o( the maximum temperature theoretically obtainable 
and the velocity of flame propagation (or flame velocity). ^ 

If oxygen or* air enriched in its oxygen content were a commercial article m 
regard to g^Jiieral •furnace work, it will be clear that the heat lost in the products 


* Neumann, Z. /. a. Chem,, May 13, laUt 
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Table 78 

Mean Specific Heat at Constant Pressure per cub. m. Gas at 
N.T.P. BETWEEN 0° C. AND C. 


Temperature T° C. 

CO, and SO, 

H,0 

0,, N„ Air, and CO 

0 

0*397 

0*372 

0*312 

100 

0*410 

0*373 

0*314 

2(K) 

0*426 

0*375 

0*316 

300 

0*442 

0*376 

0*318 

400 

0*456 

0-378 

0*320 

500 

04(i7 

0*380 

0*322 

600 

0*477 

0*383 

0*324 

700 

0*487 

C-385 

0*326 

800 

0*497 

0*389 

0*328 

900 

0*505 

0*394 

0*330 

1000 

0*511 

0*398 

0*;132 

1100 

0*517 

0*402 

0*334 

1200 

0*521 

0-407 

0*336 

1300 

0*526 

0-413 

0*338 

1400 

0*530 

0*418 

0*340 

1500 

0*536 

0*424 

0*312 

1600 . 

0*541 

0*430 

0*344 

1700 

0*546 

0*438 

0*346 

1800 

0*550 

0*446 

0*348 

1900 

0*554 

0*155 

0*350 

2000 

0*556 

0*465 

0*352 

2100 

0*558 

0*475 

0*354 

2200 

0*562 

0*485 

0*356 

23Q0 

0*566 

0*495 

0*358 

2400 

0*568^ 

0*505 

0*360 

2500 

0*570 

,,0*516 

0*362 

2600 

0*572 

0*527 

0*364 

2700 

0*574 

0*538 

0*366 

2800 

0*577 

0*549 

0*368 

2900 

0*579 

0*561 

G-370 

3000 

0*581 

0*573 

0*372 ^ 
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of combustion from any furnace would be less than when ordinary air is used,. due 
to the decreased nitrogen content. 

% 

III. TEMPERATURES OF COMBUSTION 

That the flame temperature obtained in practice is generally not very close 
to the' theoretical temperature of combustion is due to one or more of the following 
factors : — 

• • 

1 . The flame radiates heat to furnace walls and through any open doors. 

2. TherS i» a-lways excess air or combustible gas present iii the })roducts of 

combustion. * * 

3. Dissociation of products of combustion takes ])lace at high temperatures. 

1. .Combustion re(|uires a certain time for completion. 

• 5. Damage would occur to fm Aace walls and goods at high temperatures. 

If the highest ])ossible teiy^.erature is to be obtained, the following rules should 
be observed : — 

t 

1. H<‘we well .iisulated furnace walls and open doors as little as ])ossible. 

2. Maintain as little excess air as possible. 

^ 3. Burn as much gas as. possible. So long as more gas is burnt than that 
which corresponds to the heat loss by radiation and in waste gases, the 

* temperature will increase. , 

,4. Pre-heat gas or air or both previous to combustion. • 

5. Increase* thS thermal intensity of the flame (a) by burning gas or air or both 
under pressure andyW^(6) by careful intermixing of air and gas previous 
to combustion. 

Note.— By taking care of thr sc points the author has personally succeeded by 
means of an ojum blow-])i])e ])ro(iucer gas (lame, using cejd air and cold gas, in causing 
a 1530° C. 8eg(‘r cone to collapse aft(*r a five-minute peried. ^ 

The “ theoretical ” flame temperature is that temperature at which the thermal 
capacity (or total heat) of the products of combustion is equal to the net potential 
heat contained in the gas volume from which they were derived. 

Having once calculated the respective volumes of each of the three kinds of 
products of combustion (COg, HgO, and diatomic gases) ]?er unit volume of com- 
bustible gas, the sum total of the thermal capacity of each of these for one or two 
assumed temperatures will enable the theoretical flame temperature to be arrived 
at by extrapolation. * 

Estimation of the theoretical flame temperature in this way is a somewhat 
cumbersome process, to lighten ^hich the two curves (figs. 350 and 351) have been 
prepared. • * 

The N.T.P. volumes of COg, HgO, and Ng (diatomic gases) are plotted as abscissae^ 
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while the thermal capacities (i.e. the sensible heat given off) between the various 
temperatures and 0° C. are plotted as ordinates. For instance, 3 cub. m. of nitrogen 

Cubic Metres, COz. , 

0 004 008 042 046 0-20 0-24 0-28 0-32 036 040 044 048 




0 Of 0-2 0'5 04 06 0-6 Q‘7 0-8 0-9^ W If l‘Z 

Cubic Metres, H^O. 

Fig. 360. — Thermal Capacity of Gases betweiin 200® C. and 1400® C. 


at 1400^ C. has a thermal capacity of 1440 calories, 0*75 cub. m. of water vapour at 
*1200° C..has a thermal capacity of 370 calories, and 0*4 cub. m. of COg at 2400'* C 
has a thermal capacity of 545 calories. 


Cals.H^ * *• Cals. CO; 
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IV. TEMPERATURE OF EXIT GASES 


When burning the same quantity of gas and air per unit of time in the same 
furnace, it will be clear that the lower the exit temperature of the products of com- 
bustion leaving the furnace the higher will be the furnace efficiency ; 
but that the exit temperature will be lower the higher the initial 
temperature is not directly obvious. This, however, is due to the 
•fact that the rate cif heat transfer to the goods, gener,^illy speaking, 
will be jiroportioiiale to the mean temperature difference between 
the hot gases and the goods. 

The curves on fig. 352 serve to illustrate the latter point more 
clearly in a diagrammatic way, tem[)erature as ordinate being plotted 
against time as abscissae. Curve a-h shows the coolmg curve for gas 
burnt with the theoretically best slegree of IntcLslby, i.e. if the 
theoretical flame temperature were obtained. Curve 
c^-c-ro shows the cooling curve when a p^iicticaJ degree 
of intensity or quickness of burning is obtained, and 
curve d^~d-(L^ when the gas is slowly burnt, -the hori- 
zontal lines (\-c and d^d 
indicating the respective 
lengths of time for com- 
pleted combustion. , In 
cases C and 1) the analysis 
of the products of com- 
bustion may be identical, 
yet the outlet temperature 
will be lower in case C than 
case D, because the mean 
temperature difference 
would be larger and hence 
the heat transfer would be quicker. Thus we get the rule that an increase in 
the initial temperature of combustion has a cumulative effect upon the thermal 
efficiency of the furnace. 



Fig. 352 .- 


Time 

dOOLING CURV..S FOR GaSE.S AT VARIOUS 

Initial Temperatures. 


Comparison between the Combustion of various Industrial Gases 

' Having now outlined the factors to be considered when a certain gas is to be 
employed for furnace heating, examples will be given of the combustion of nine 
different gases, of which six are various producer gases, while the three others are 
ehosen as typical examples of the other three main industrial gases, viz. : — “ 
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• • 

(1) Blafit furmce gas. 

(2) Producer gases. 

{a) Coke breeze producer gas \ 

(b) Antliracite producer gas I without by-product recovery. 

(c) Bituminous coal producer gas J 

(d>) Mond producer gas 'I 

(e) Semi-Mond producer gas > with by-product recovery. 

(/) L >w temperature producer gas J 

(3) Blue water gas. 

(4) Dist^hHon gas, such as is made inigas wofks retorts or in coke ovens. 

Tlie coTgparison between these various gases assumes that all are cold when 
sup])licd to the furnace, while a separate study will be made of the effect of pre- 
healuDg air or gas and of varying moisture content upon the furnace efficiency of 
the three producer gases 

(2c) Bituminous coal without recovery. 

(2(1) „ ,, * Mond recovery. 

(2f) • ., low temperature recovery. 


Table 70 

Composition of various Industrial Gases 


• 

• 

I'.v |ic ot (ia^. 

Aiijiljsis (tl (JjiH aK^uiiH'd I)r.\ at N T P. 

Per cent 
ot 

Inerts. 

N(>t Heating Value 
ot Gas at N.T.P. 

CO. 

• 

CO 

CII 4 


IL. 


t 

Cals. 

M.-* 

9.T.U. 

Ft.» 

(I) Blast furiuuT gas 

10 

27-5 

•5 


3 

59 

09 

957 

107-5 

( 2 a) Coke Lreeze producer gas. 

7 

24-5 

11 


no 

50-4 

03-4 

1123-2 

126-2 

{2b) AntliraciU^ „ ., . 

75 

240 

L 2 


10 5 

5^-8 

58-3 

•1258-5 

141-4 

(2c) Bituminous „ „ , i 

4-5 

270 

30 


130 

51-5 

50-0 i 

1412-3 

158-7 

{2d) Mond recovery „ *» • 

10 

no 

2;7 


25 

45-3 

01-3 

1208 

135-9 

(2g) Semi-Mond „ ,, . 

11 

17-5 

3-3 


21*5 

407 

57-7 

1307-9 

153-7 

(2/) Low temp. „ „ . 

8-3 

20-5 

.5-5 


20-5 

44-9 

53-2 

1022-4 

182-3 

(3) Blue water „ „ . 

5 

39-5 

•5 


49 

0 

11 

• 2520 

282 

(4) Towns’ or coke oven gas . 

2b5 

12 

20 

2 o 

48 

9 

11-5 

4103 

407-8 


Table 79 contains ihe volumetric analysis and heating value of the nine gases 
dry at O'* C. and 760 mm. mercury (N.T.P.) as commonly expressed. It should 
be noted that for all the followiftg calculations it has been assumed that 100 volumes 
of dry gas contain an additional 1*5 volumes of water vapour (i.e. is saturated at' 
13° C.), and that 100 volumes of dry air used for combustion contain 21 volumes 
oxygen and >9 volumes of nitrogen, plus an additional 1*0 volume of water vapour. 

Table 80 covers the ideal or theoretical case of gaseous combustion of the various 

. 33 
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. - • 

gases when no excess air or combustible gas is present in the products of combustion. 
Among other figures the table also contains the volumetric {analysis of the dry flue 
gases, the theoretical flame temperatures, and the furnace efficiencies for various 
flu^ exit temperatures*. 

As already explained, ideal combustion cannot be achieved and maintained in 
practice. To obtain a fair comparison between the utilization efficiency of the 
various gases in practice under equally efficient methods of application it has been 
assumed that the products of (combustion from ])roducer gas (2/^) and (2e) contain 
2*5 per cent of oxygen on the dr// flue gas analysis (which should be easily obtainable 
in most furnaces). 

& • •• 

Note. It should li(‘r(‘ be meutionc^d tlutt tlu’; (fontent of water vapour in the 7 i'et 
flue gas is practically inii)ossible to record by the'ordinary methods of gas analysis, due 
care of which must be taken when the composition and heat content of an actual flue 
gas is estimated from a given analysis, which only records the percentage concentration 
of thf* dry flile gas components. 


TaIble 81 


JL 


• 

• 

f 

Tyixj of Gas. 

• 

• 

Total Volume of Dry Air 
rec;'*. red for Theoretical | 

• Combustion. | 

1 

Total Volume of Gas and Air 
})revious to Combustion. ' 

i 

1 1 
“ V. 

f! 

< «; 

^ a ^2 

S 

cC Vi 

'X 

r-i ^ 

-■ Volumetric Concentration ’* 
of Combustible Gas in | 

Mixture. | 

A})proximatp Flame 
Temperature C. j 

! 

Volumetric Percentage of 
Oxygen assumed Essential 
in Dl-y Products of Combus- 
tion for Equivalent Condi- 
tions of Practical Combustion. 

! 


0 



IVr (‘ont 



(1) Blast furnace gas 

*774 

1-797 

•31 

17-5 

• * 

1500 

4 

(2«) Coke breeze producer gas. 

•95 

1-975 

-360 

18* 

1615 

• 

3 

(b) Anthracite 

1-08 

21#.-> 

-417 

20 

1700 

2-5 

(2c) Bituminous „ 

1-21 

2*237 

-430 

19-2 

1700 

• 2-5 

(2d) Mond recovery „ „ . 

• 

M14 

2-140 

•38’/ 

18-1 

•1590 * 

3 

(2e) Semi-Mond „ •„ . 

1-24 

• 

2-205 

•423 

18-9 

17(H) 

2-5 

(2/) Low temp. „ „ . 

1-S 

2-58 

• 

•465 

18-0 

1775 

3 

(3) Blue water gas . • . 

2- 155 

3-19 

•89 

28-2 

2200 

1-5 

(4) Towns’ or Coke ovtin gas . 

4-26 

5-317 

•885 

16-8 

2075 

3-5 
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' Table 81 has been prepared to show the basis upon which the excess oxygen 
content of the products, of combustion from the various gases has been assessed. 

' the assessment of the following oxygen content in the flue gases-- 


From water gas . 

„ producer gas 
„ distillation gas . 
,, blast furnace gas 


1*5 per cent Og, 

2-5 to 3 per cent Og, 


has been made on account of the folio wiKg facts. 

(1) The volumetric*, concentration of the combustible gases in the theoretical 
air and gas mixture previous to combustion decreases in the order water gas — 
producer gas— blast furnace gas —distillation gas. * 

(2) The theoretical flame temj>erature decreases in the order : , water gas- 
distillation gas — producer gas — blast furnace gas. 

The result of practical combustion conditioKs is shown in Table. 82. 

It is with the results given in this table that we are mainly concerned. 

The first three columns refer to the air volume^ reejuired per cub', m. of dry gas 
(N.T.P.), the total volume of gas and air previous to combustion, and the (juantity 
of products of combustion; the volumes given here are recjuiied for^pijie, nozzle, 
and flue dimensions. ^ 

The following three coliunns which give the partial volumes ” of tlie j)roducts 
of combustion are required for any calculation regarding heat abstracted frora.or 
contained in the flue gases at a given tem])erature. 

The results given in the three columns concerning the volumetric composition 
of the drif flue gases arc useful for comparison with any flue gas analysis that may 
be made from time to time. It should be noticed that for distillation gas the CO.^ 
content 4s very much lower tlian in tlie case of- the other gases, which nearly all 
show the same COg content. 

The dew-])oint column shows at what temperature the })roducts of combustion 
will start to condense out inoisture ; obviously distillation gas is the “ wettest.’’ 

The theoretical flame^ temperature and the thermic ])otcntial columns (which 
really are synonymous terms) indicate the relative suitability of the various gases 
when supplied cold for high temperature finmace work. 

The last six columns sho)w how much heat has been abstracted from the products 
of combustion when these leave the furnace at the tem])eratures given. 

When, therefore, the flue gas exit temperature [i.e. minimum furnace tem- 
perature) from a furnace is given, the figure^j in these columns express the furnace 
efficiency. 

By such furnace efficiency h not meant the ratio between heat required to be 
transmitted to the furnace goods and that in the ‘gas, but the ratio between the 
heat retained in the furnace and the total heat available. This method of com- 
parison is preferable, because the only heat quantity capable of definite control 
and Smple estimation is the heat carried away by the products of combustion, 
,, while the relative amounts of heat represented by useful work and radiation losses. 
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(i.e. the total heat retained in the furnace) are very difficult of estimation and 
control. 

< From Table 82 we can further lay down the quantity of cold producer gas 
which is required to do the equivalent work of the three other industrial gases when 
burnt with cold air. 

Seeing that the different producer gases vary considerably in utilization 
efficiency (for high exit temperatures), in comparing producer gas in a general way 
with the three other gases, we shall assume as an average case of producer gas that 
made from anthracite (J41-4: B.T.U. per cub. ft.), or the semi-Mond gas ( 153*7 B.T.U. 
per cub. ft.), both of which have the same utilization efficiencies, in spite of their 
widely divergent composition. . 


Increase or Decrease in tlie Number of Tberrns required 
in Producer Das to do the Equivalent > 

Work in the Fiirnacq 


Flue gas temperatures . 

800^ V . 

400'" C. 

200 - 0. 

Blast furnace gas .... 

•24-2% less 

7-3% less 

3*5 % less 

Blue w^ater gas .... 

28*2% more 

9*3% more 

3*81% more 

Distillation gas .... 

18*3% more 

6*4% more 

i 

2*4 % fnore 


It is clear from ‘the above that for low outlet temjieratures (say drying stoves, 
boilers,' and w^ater heaters) producer gas is as tJiermallg efficient as the richer gases 
w'ater gas and town gas, while for high temperature w^ork (where the flue gases 
leave abpve 600° *to 800° C.) cold producer gas ,i,s not quite as thermally efficient 
as the rich gases. On the other hand, it should not be overlooked that the cost 
of production of cold clean producei;^ gas is generally less than that of either towns’ 
gas or w^ater gas, so that the extra expenditure of therms in the furnace may be 
counterbalanc^ed by the smaller cost of the producer gas and the higher thermal 
efficiency of the producer gas plant. 

Fig. 353 shows a series of curves for the various industrial gases which indicate 
the furnace efficiency for different flue gas temperatures. It also contains one 
curve showing the influence of pre-heating producer gas (26 and 2c) and air to 400° C. 
below that of the flue gas temjierature. Seeing that the curves cover practically 
the whole range of industrial gases available in this country, it will form a handy 
and quick reference for those wffio are concerned with the choice of a suitable gas 
for heat treatment. „ 

With the further object of enabling the comparison between such other gases 
•as may be available for the use of any partibular works to be quickly made bn 
similar lines, the detailed calculations in regard to the figures given in Tables 80 
and 82 for semi-Mond gas are given below. . </ 



Temperature^ of F/ue Gases. 
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Bxitails of Thermal Calculations for the Combustioi^ of Semi-Mond Producer Gas- 


Gas Analysis (Dry). Air Vnalysis. 


COj 

. .. .-11 per cent. 

0 , . . . 

21 ].)er cent. 

CO 

. . ' . 17*5 „ 


79 * „ 

CH 4 

: . . 3*3 

• 

— 

H, 

. .. . 21-5 „ 

Dry air . 

^100 „ ’ 

N, 

. 46*7 „ 

H 2 O . . . 

1 


Net heating value ) 

/ 1368 cals./m.® 



Dry gas at N.T.P. / 

• ( 154 B.T.U./ft.« 



Moisture content in 

gas — 1 5 ]icr cent. 



Note . — All the following calculations refer to quantities. ]'(»!• ni.® of dry gas at N.'f’.P 


Calculation of Qtantities (all redui.d to N.T.P.) ani: Analysis 9F Vue \arious 
Products of ('ombfstiun for Tiieore'ticvl Bi.rninu Conditions. By-product 
Producer Gas 


ConstitiK'iit. 
of (Jits. 

.M.“ of oacli 
Constituoiit 
per M,'* (Jas 
at N.T.P. 

.Miiihiiinn 
\ mount of 
0, rcnuirovl 
111 M.’ 
(N.T.P.) 

Products ot (’om bust 10ns 
M.’ per M.' <ias jit N.T.J’ 

CO, 

II., 0 


CO.. 

0*11 


0-11 



CO. . 

0-175 

0-0875 

0-175 



CH. , 

0033 

0-066 

OOXJ 

0-066 


H,. . 

0-215 

0-1075 


0-215 


Na . 

0-467 




04(r 

HjO . 

0»015 

c , 


0-015 


1'otal , 


0-261 

0 318 



Min. dry 





required for - - 

-1-24 carrying 

0-0124 

-98 

combust ipn I ^ 


1 



I'otal 


0 3084 

144 


Siinnu.iry. 


(Jon.stitiiont of 
trodufts ol 
Conlmstioii. 

Volunu* 
ifWM.-'p'T, 
M.» Dry 
Gas fit 

N T.P. 

Vu'lumcirt- Ci)Ui- 
positionv.k Pnidm t.s 
\ii Combust ion 

W.'t 

Dry, 

(’O 2 . 

0-31 H 

15-3% 

18-0% 

No . . 

1-44? ' 

69-8';o 

82'-0% 

Total dry 

1-765 



11,0. 

-.3084 

14-9^, 

• • 0 

Total wt-l 

2-073 




of dry air 1'24 ni.'^ 

„ „ wei ,, 1-252 m.^ 


Practical Conditions. ■» 


Calculation of volumetric composition of llu(i gases when the dry gas 
analysis is to shhw oxygen. 

Total quantity of dry i^roducts for theoretical combustion -1 *705 m.^ 

2-5 

excess oxygen correspond to -- 1]'9^\, excess air. 


.*. 1*765 rn.® will bc‘88-P\, of total volume of jiroducts of combustion. 


881 • 

' 2-005 m.-'* 

L€*S8 

•318 „• 

Total N 2 + O 2 

1-687 „ 

].rf^ss original N.^ . n 

-- 1-447 „ 

Total excess air . 

•240 „ 

Carrying 

0-0024 m.3 H 2 O. 

Add .... 

0*3084 „ 

Total . 

0*3108 m.3 H 2 O. 


Siiinmarj'. 



M.- 

P«!r cent 
Dry. 

CO, 

•318 

15*87 


1*637 

81*63 

0 , 

•05 

2-5 

Total 

2*005 


HjO 

0*311 

. . 


2*316 



Total dry 1*48 
TotaJ wet air 1*495 m.® 
(at N.T.P.) 
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Calculation of Theoretical Flame Temperature and Furnace Efficiency* 

FOR Practical Conditions of Burning — continued 

Meat in Flue Oases (see Ordinates on figs. 350 and 351) 


Tenipcraturo ‘ C. 



2200 

2000 

1800 

J600| 

1400 

1200 

1000 

8(X) 

600 

400 

200 

■318m.»CO, 

392 

353 

315 

275 

236 

199 

162 

126 

91 

58 

27 

1-687 m.“Nj+Oj 

1330 

1195 

1060 

930 

•805 

680 

560 

443 

328 

216 

106. 

•311m.»H20 . 

332 

290 

250 

214 

182 

152 

123 

97 

72 

46 

23 

Total cals. • 

2054 

1838 

1625 

1419 

1223 

1031 

84« 

666 ■ 

•491 

320 

156 

Per cent of crl- 





• 

• 






orific value 

__ .. .. 1 






89‘6. 

75*5 

61*8 

48-7 

35-9 

23*4 

t 

11*4 


FJame temperature ->• 1400'^ C. f 200 x 


1368 - 1223 
1419- J 223 


1548 " a 


Effect of ueatino Air and (jIas previous to Combustion 


Total luat 1*495 m.^ of .air in cals. ])er m.* dry gas at N.T.P. if pre-heated to 


UKKl » 

• 

800 

6(X) 

m) 

§ 

, 490 

392 

291 , 

191 

92 cals. 

Totfil heat in 1*015 m.^ gas 'in cals. ])er 

' m.® dry gj s at N.T.P. if j)rc-h^atod to 

1(K)0 

• 

800 

600 

400 

2(K)° C. 

• • 

366 

288 , 

1 212 

139 

68 cals. 

Theoretical Flame Temperature if Cas pre-hkated to ^(X)" X\ 

• 

and Air to 600' 


Potential hea 

uingas^ . ’ . 

1368 cals. 



Sensible ,, 

. 

. . 1^9 



air . . 291 


1 798 eals. 

Total heat in })roduets of combustion ai 1800" C. 1617 cjils. 

^000" 1822 „ 

* jgj 

/ == 1800 t 200 X -* 1976 " C. • 

• 205 

• 

In addition to the furnace outlet temperature and the excess air in the flue 
gases, the furnace utilization* efficiency of a producer gas of a given analysis alters 
with the moisture content of the*gas and the degree of pre-heating of the gas aiid 
air previous to combustion. 

The effect of varying moisture contend in the gas upon the “ theoretical flame 
temperature ” is very visible from the following figures : — 
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Moisture 
Content 
in G(«s 
Grammes 
per cub. m. 

Gas Dry 
•at N.T.P. 

Saturation 

Temperature 

ofGas°C. 

Theoretical Flame Temperatures for Practical Conditions of 
Combustion as per Table 82. 

Producer Gas without Recovery. 

Producer Gas with Recovery. 

Coke Breeze. 

Anthracite. 

Bituminous. 

Mond. 

Semi-Mond. 

Low Temp. 

11*97 

13 

1438 

1547 

1604 

1430 

1548 

1606 

34*80 

30 

1428 

1537 

1594 

1420 

1538 

1598 

. 83*38 

45 

1400 

1504 . 

15CI 

1396 

1509 

1568 

196*02 

60 

1326 

1430 

14S7 

1329 

1439 

1502 

356*41 

70 

J239 

1336 

1394 

1246 

1352 

1422 


Obviously the drier tlie gas the better will l)e the furnace efficiency, but so long 
as the moisture content does not exceed 35 to 40 grammes per cub. m. it will have 
no appreciable eiiect upon the efficiency. 



.The effecd} of pre-heating both air and gas to the same temperature is indicated 
bjr the ‘‘ vertical curve ” on fig. 353. Since flue gas exit temperatures of about 
300° C. are required if a good chimney draught is to be maintained, it is cldar that 
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• 

pre-heating of the gas and air does not pay for furnaces having exit temperatures 
below, say, 400° C. Further, as it is not economical to pre-heat the air and gas close 
to the fliie exit temperatures, the pre-heating curve has been drawn upon the 
assumption that both the air and the gas are pre-heated to a temperature 400° C. below 
^that of the flue exit temperature. Where the pre-heating curve intersects the 



49 


45 






■40 


■35 


32 


efficiency curves foi; cold water gas or towns’ gas, we have the required amount of 
pre-heating needed 4:o make ])roducer gas equally efficient to these two gases. Thus, 
at a furnace exit temperature of 580° C. (f.c.^the juoducer gas and air being pre- 
heated 180° C.) producer gas will have the same thermal utilization efficiency as 
blue water gas without pre-heat? 

To show tlie effect upon fhe theoretical flame temperature of varying degrees 
of pre-heating ©f either air or producer gas, the curves on fig. 356 have been draiwn 
for semi-Mond gas (or anthracite gas). The ordinates represent the theoretical 
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flame temperatures, the ‘abscissae indicate the gas temperature, whilst a series of 
lines indicate the conditions when the air is pre-heated to 200°, 400°, 600°, 800°, 
And 100/)° C. respectively. ' 

To enable proper control of the working of furnaces using a given producer 



Per Cent, COz h) Dry Flue Gas. 

Fig. 356.-j-FLUE Gas I/jsses for varying Composition and Temperatures. 

gas, it is sometimes of advantage to prepare a flue gas composition curve similar 
to that shown in fig. 355. When the dry flue gas analysis is known, or the COg 
content is indicated by a recorder, it is at once possible to judge the approximate ♦ 
quantity of excess ai^ used as well as the dew point of tbe flue gases. If the heat 
loss in the flue gases is t5 be obtained for varying flue gas exit temperatures and 
analyses, the curves shown on fig. 356 will give the result at a glance. 
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Table 83 

CONVERSION TABLES 

i.p:ngtus 




Jj<tgarithm. 


Logarithm. 



1 mil. 

= 0-001 inch . 

3-0000 

’ 1 nim. 

mils. . 

1-5951 

-0-0254 mm. 

2-4048 

1 cm. 

rr 0-3937 inch . 

1-5951 1 inch 

= 2-.54 cm. 

0-4048 

1 metre 

- 3-28 feet. 

0-5159 1 foot 

—0-3048 metre 

1-4840 

1 kilotnotrc 

= 1093 0 yards . 

3(»388 1 v'aTfl 

-0-(XM19 kilometre 

4-9611 

1 kilometre 

= ()-()214 mile . 

1-7933 1 mile 

= 1-0093 kilometres 

0-2066 




= 1700 yards . 

3-2465 




-.5280 feet . . '. 

3-7226 



SUllI^ACKS 



1 gq. mm. 

— 1.550 sq. mils. . 

3-1903 



1 8q. cm. 

- 0-155 sq. in. . 

I -1903 1 .sq. inch 

= 0-4510 sq. cm. . 

0-8096 

1 sq. metre 

--10-7G4sq. ft. . 

1-0319 1 sq. foot 

-0-0929 sq. metre 

2-9680 

1 sq. metre 

= 1-19(5 sq. yds. 

0-0777 1 sq. yard 

= 0-83(51 sq. metre 

1-9222 

* 1 hectare 

— 10, (XK) sq. metres . 

4-0(X.M) 1 HC-re 

4840 sq, yds. 

3-6848 

1 hectare 

2-471 acres . 

0-3929 1 acre ’ 

-0-4047 hectare . 

1-6071 

1 sq. Idiom. 

0-3801 sq. m. 

1-5807 1 sq. mile 

'=2-59 sq. kilom. . 

0-4133 



VOLUMES 





1 galhni 

- S pints. 


1 cub. cm. 

-0-001 cub. in. . 

2-7855 1 cub. inch 

- . 10-387 cub. cm. . 

1-2145 

‘ 1 litre 

- 01 cub. in. 

1-7855 1 cub. inch 

= 0-0104 litre 

2-2145 

1 litre 

= 1-7598 pints . 

0-2454 1 ])iut 

= 0-5082 litre 

1-7545* 



1 pint 

= 2(3 fluid ounces . 

1-3010 • 



1 fluid ounce 

28 4 cub. cm. . 

l-4«35 



1 gallon (Br.) 

I-2(K)9gal. (U.S.) . 

0-0795 



I trallon (Br.) 

= ()-1005 cub. ft. . 

1-2055 

1 cub. metre 

= 220 gallons (13 r.) . 

2-3423 rgallon(Br.)' 

0-(K)45 cub metre . 

3-7^42 



1 gallon (Br.) 

-- 4-5459 litres . 

0-6576 



1 gallon (U.S.) 

3-785 litres 

0-5781 



1 cul), foot 

0-229 gallons (Br.) . 

0-7944 


' 


= 7-48 gallons (U.S. t . 

1 0-8739 

*1 cub. metre 

= 35-31 cub. ft. . 

1-5479- 

= 0-0283 cub. metre . 

2-4520 

1 cub. metre 

= 1-3079 cub. yds. . 

0-1100 1 cub. j-^ard 

= 0-7045 cub. metrt' . 

1-8834 



WEIGHT AND xMASS 




r 

1 ])oiind 

= 10 ounces (Av.) . 

1-2041 

1 gramme 

= 15-432 grains . 

1-1884 1 grain 

= 0-0048 gramme . 

2-8115 



1 2M)und 

= 7000 grains. 

3-845 

1 kilogram 

-- 2-2040 lbs. . 

0-3433 

= 0-4530 kilog. . . 

1-6560 



1 ounce 

= 10 drams 

1-2041 

1 metric ton 

= 0-9842 ton . 

i-9930 *1 ton 

= 1 -OK) metric tons 

0-0069 




=.2240 lbs. 

3*350 


' WKIGHT AND LENGTH 



1 kg. /metre 

=0-072 Ib./ft.' . . 

1-8273 1 1 Ib./ft. 

= 1-488 kg; /metre . . I 

0-1726 


= 2-010 Ib./yd. . . 

0-3045 1 1 lb./yd. 

=0-496 kg. /metre . , | 

1-6955 

• 


VOLUME AND MASS 



,1 cub. m./m. ton 

= 35-88cb.ft./U)n(Br.) 

1-5548'^ 1 cb. ft./ton (Br.) 

= 0-028 cub. m.^m. ton. 

2-4452 

1 cub. m.;ikg. 

=-16 cub. ft./lD. 

1-2044 1 cub. ft./ib. 

= 0-0626 cub. m./kg. . 

2*7966 

1 cub, m./^bort ton 

= 1-12 cb. m./long ton 

0-0492 1 cub. ft./long ton 

-0-893 cb. ft. /short ton 

1*9508 

% 

= 39-6 cb. ft./iong ton 

1-5971 

= 0-0253 cb. m./Sihort toll 

2 * 4028 ! 
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• 

PRESSURES 





Lof?aritlim. 


, 

Logarithm. 

L kilo./sq. metre 

= -2048 lb./ft.“ 

1-3113 

1 Ib./sq. ft. 

= 4-882 kg./sq. m. 

0-6886 

1 kg./8q. cm. 

14-223 lbs./in.2 

1-1530 

1 Ib./sq. in. 

= 0-0703 kg./sq. cm. . 

5-847 


— 2048 lbs. /sq. ft. 

•3*3113 

1 Ib./sq. ft. 

0-000488 kg./sq. cm. 

4-6886 

L kg./eq. mm. 

-0-6348 toii/sq. in. . 

1-8026 

1 ton/sq. in. 

- 1-575 kg./sq. mm. . 

0-1972 

L atmosphere 

-/JibO mm. Hg. 

2-8808 

1 atmosphere 

14-7 Ibs./scf. in. 

M672 


— 1-0333 kg./.sq. cm. . 

0*0142, , 

1-44^5 




1 Ib./sq. in. 

= 27-7 inches W.G. ‘ . 

[ cm. water 

— 10 kg./sq. metre 

1-0(XK) 

= 2-31 ft. W.G. . . 

0 86361 

• 

— "l-SO cm. u liter 


1 inch mercury 

•1.3-6 inches W.G. 

1-1335 

L mm. mercur}’ 

•1335 , 

• 

• 

• 



• 

WEIGHTS AND VOLUMES 



[ gm./cub: m. 

= 0-437 grain/cub. ft. 
ounce/KKK) ft.^ . 

i-C405 

1 grain/cub. ft. 

= 2-29 gm./cub. m. 

0-3598 

* 



[ kg. /cub. m. • 

-iO-0624 Ib./cub. ft. . 

= 0*0361 lb. /cub. ‘ill. . 

“-7954 

1 Ib./cub. ft. 

1 Ib./cub. in. 

= 10-02 kg./cub. m. 

1-2046 

[ gm./cub. nir. ^ 

2-5578 

27-68 gm. /cub. cm. . 

1-4421 

. 

ENEHOY, WORK 

HKA'I', TORQUE 


L kilog. -metre , ^ 

= 7-2:?3ft. lbs. . 

0-8593 

1 ft. lb. 

= 0-1382 kg. m. 

1-1406 


^ * 


1 B.Th.U. 

= 778 ft. lbs. . 

2-8910 

[ kilo-eal. ^ 

3-5683 B.Th.U. . 

, 0-5986 


■■0-252 kilo -cal. , 

1-4014 


- 426-9 kg. metres 

2*()303 


=0*293 watt-hour 

i-4069 


-3088 ft. lbs. . 

3-4896 

lli.p. hour 



L kS. hour 

-3412 B.Th.U. . . 

3-5331 

= 746 watt-hours . 

2-8725 

• 

-:860 Wlo-cal^. . 

2-9344 

= 2545 B.Th.U. . . 

3-4056 


-•1-341 h.p. hours 

0-1274 


= 641» kilo-cals. 

2-8070 

1 metric h.p. hour 

= 736 watt -hours 

2-8665 

1 h.]). 

— 33,000 ft. lbs. /min. . 

4-5185 

• 

632*4 oals. 

► 2-8010 


• 



-~V) kg. m./sec. . 

1-8750 






VEI^OCITIES 

• 


1 metre/scc. 

-196-85 ft. /min. 

2-2941 

1 foot per sec. 

=^18-288 m. /min. . 

I 1-2622 

= 2-237 miles/hr. 

• 0-3496 

• 

1 ntile pel hr. 

= 0-447 m./see. 

• 

1 1-6503, 



ACCELERATIONS 

• 

• 


1 cm. /sec. /see. 

= 0-0328 ft. /.see.- 

5.51 .119 

^ ft. /.sec.- 

= 30-48 cm./sec.^ . 

1 1-4840 

jrravity 

= 980-6 cm./sec.- 

2-9915 

(ii-avity 

■=32-1717 ft./sec.“ . . 

1 1-5075 



MISCELLANEOUS 

• 


C. 

= ^ ” + 32 J Fahr. . 


N^^ W. 

|(N-32)x5U 

^ j U. . 

1-7447 

1 cal. /kg. 

= 1-8 B.Tli.U./lb. . 

• * • 

1 B.Th.U. lb. 

=0-5556 cal./kg. . 

too fals./m.® 

= 11-236 B.Th.U./ft.L 


1 B.Th.U./ft.'" 

-S-898 cals./m.® . 

0-9493 

Tvvaadcll 

=s}W‘eific gravity of wa 

ter + .jJ^th 

si>eci6c gra\ity 

of water. 


Igal. of water (Br.) 

= 10 lbs. 

• 


• 


• 


• 

/OLUME 

ANT? TIME 


• 

1 cub. metre/hr. 

=0-5886 ft.Vmin. . 

1-7698 

1 ft.®/min. 

= 1-698 eub. m. /hour . ] 

(5-2299 

1 cub. metre/set. 

= 21£4ft.*/mm. . 

3-3271 

1 ft.^/min. 

=0*00047 cub. m./sec. . 

— « 

4-6T29 




INDEX 


Acidity, test for, 470 
Adams, 10, I7f 21 
Air, adpiissioji to pas, 280, 427 
compositjon of, 8, 77, 428 
density of, 428*^ 
excess jnjjurnaces, 507, 524 
filter, 412 ' 

heat in saturated, 280 
machines for handling, 430-445 
producer gas*2, 27 
pump, 407 • 

reactions with carffon, 7 
saturattng, 2(i0 
specific heat of, 508 
AJr SaTC RATION TeMPLRATUKE— 
aut^imatic control of, *25 8, 2fl0 
definition of, 200 

effect on gas comp >sition, 32 . ^ 

Air f?ATURATOH, l'v-pr(#lu(;l plant, .J5 
general, 204-208 • ^ 

Lyran’s, 204 ^ 

Smith (las Eng. Coy., 2(»t» 
thrce-sljigc cooler and, 418 
using fuel as, 418 , 

using jacket \A'ater, 248 
Air AND Ste\m Mixture, heat in, 05 
regulating for vaporizers, 255, 258, 200 
su]»erheated, 273 
tabic for .saturated, 270 
temperature of, 209-273 
thermostat control of, 267, 273 
Air Volume for combustion of gases — 
theoretical, 500 ^ 

practical, 515 

for gasification, theortdical, 77, 78 
practical, 428 

Akerlund, down-draught producer, 317 
spray washer, 391 

Alkalies, in ash, 120 • 

Allgemein e Vergasungsgesellsohakt — 
gas cleaning plant, 418 
tar recovery producer, 307 * 

Altitude, effect of, 429 
Alumina in iwB, 126 • 
in firebricks, 196 


Avfwonia, concentration in gas, 85, 404, 413 
conservation of, 93 
decomposition rate, 85 
eijuilibrium, 84 
recovery chart, 94 
recovery efticiency in producer, 94 
in plant, 405 
solubility c»>cfficicnt, 413 
Ammonia Absohhkr, corrosion of, 400 
efficiency of, 405 
material for, 405 

Ammonia Absorption, by calcium sulphate, 
415 

4)y carbon dioxide, 414 

by chlorine., 414 

as liquor, 413 ^ 

as neutral sulphate, 411 

by nitric acid, 414 • 

by scrubbing, 412, 414 * 

by sulphuretted hydrogen, 422-425 

by suljihuric acid, 404 

Lymn’s washer for, 40() * 

Mond's process fpr, 281), 404, 414 
Moore's plant for, 412 
Power-Gas plant f(Tr, 405 
Thyssen’s s^tiimtor for, 411, 412 
Ammonia Formation, Bone ai*l Wheeler on, 91 
effect of ash Tipon, 87 
effect of GOg upon, 87 
effect of distillation temperature upon, 82 
effect of distillation time ujion, 83, 88, 92 
effect of fuel nature upon, 80, 87 
effect of Hydrogen upon, 88 
effect of lime upon, 93 » 

effect of nitrogen ifiion, 88 
effect of steam, 86, 91 • 
effect of tar yield, 82 
heat 1^88 due to, 00 
in low temperature producer, 92 
principles of, 79-95 
rat^ of, 89 

Ammonia Recovery Producer, Crosslcy, 286 * 
Buff, 284 

for brown coal, 287 
for lignite, 288 
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Ammpnia Recovery Producer — conid. 

for peat, 289 
. general, 279-297 
Lyrati, 285 
Mond, 280, 282* • 

Moore, 291 

Power-Gas Corporation, 294 
Young & Beilby, 280 
Ammonia I’ests, for, in fuel, 462 
in gas, 408 
in sulphate, 470 
Ammonium, chloridt\ 414 
suliihate. Sec Sulphate 
Amsler, producer house, 355 
sawdust filter, 387 
self- vaporizing producer, 258 
Analysis of by-products, 470, 471 * , 

fuels, 400-403 * 

gas, 403-470 

Anthracite, analysis (tyjhcal), 08 
bulk weight, 211 
gasilieation, rate of, 39, 41 
nitrogen in, 79 
sulphur in, 1 15 

Anthr\('ite Gas Plant, coolers and cleaners, 
382-390 

producers (self-vaporizing), 255-204 
suction type. See Si'ction 
w'ater consumption, 379 
working costs, 478 
Antipulsatok, 449 

Appleby Company, Jlentley fuel agitator, 234 
Bentley mechanical fee(l„ 220 
Kerjiely ])r()duccr, 171 
Area of flues, 309 
grate, 37, 107 
mains, 3()9 

producer ^definition of), 37, 38 
A RN EM ANN, 307 * 

Akranoement of gas producer, .‘>52-300 
Asbestos (valve), 372 
Ash, analj’sis, 121, 124, 402 

catalytic effect of, 19, 23, 24 * » 

com jiosition of , H 1 7 - 1 27 
effect of alkalies in, 120 
effect of alumina in, 120 
effect of iron in, 119 
effect of lime in, 120 
effect of silica in, *126 
effect of sulphur in fuel on, 115, 119 
effect oil ammonia jield, 87 
effect on gasification rate, *42 
effect on gas quality, 75 
effect on thermal efficiency, 54 
elevator, 188 
handling plant, 352-366 
* melting ])oint of, 118 

C ’ ugh, 173 

iprocating discharge, 180 
removal, 191, 237, 241 
screw, 168 

shovel, 170, 237, 241 


Am—contd, 
in tar, 470 

Ashes (producer), carbon in, 55 
’ sensible heat in, 57 
testing, 402 

Ashing, control of, 475 
doors, 152 

effect on gas quality, 32 
hand, 149-108, 475 
meciuuiical, 108-191, 237, 475 
in traction ju’oducer, 343, 345 
Aspirator (gas), 407 

t 

Bag (gas), 449 

Balanced (reactions). See Reversible 
Ball (poke hole), 214 ' 

* Bam AG. fuel ho])per, 200 
grate, fan-sha])ed, 183 
high pressure, 188 
Bantlin, 90 

Bakom'^tric (])ressure'l, 429 
Barth, grate drive, 190 
meehanieal graft', 181 
JlEARDMohV:, 350, 492 
Bkilby, 80,^280 

Hell (fuel feeding), effect on fuel distril'ution, 203 
Mtuid pioduccr, 283 
vegetabk' rtfiise prodreeH 320 
! Bender A Fkaembs, 277 
i Benson, 102 * 

I Bpintlev, mechanical fuel agitator, 234 
I mcehanica! fut I fectl, 220 
Henzene (property's of),V)00 
Beswick, 2!14 
Bildt (fticd), 217 
Bischof, gas jHoducer, 3, >150 
refract' >i> coefficient . 1 25, 1 95 
Brri MiN'.'Us Goal, analyses (l\pieal) of, 08, 402 
bulk weight, 211 
cleaning gas from, 390-403 
gasifi.'ation rate (»f, 39, 40, 41 i 

nitiogen in, 79 

suction ]>roduccr for, 315, 320 
sulphur in, 115 
tar yk'ld from, 112, 114 
testing of, 401 

water for cooling gas from, 379 
Blast, air and steam. See Aik 
dry, 27, 29, 135-145 
Blast Fi’Rna£'E, producers, 135-145 
slag, 121 

Blizari) & Mallocii„322 
Blo^'Ting Paper (tt^s^), 409 
Blowers, centrifugal, 435-441 
jet, 430-435 
positive, ^44 1-445 

jMjsitivt V. centrifugal, 445, 440, 448 
ri'gulgtion of, 445-449 ^ 

Bodenstein, 80 
Bog Iron (ore), 423 
Boiler, exhaust gas, 268, 488 
gas-fired, 489, 490 
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Boiler Producer, Koppers-Kerpely, 253 
JMarischka, 249 
■ Boilino Pan (gas fired), 503 
Bone on, anitnonia yield, 91 
cupola })roducer, 13.'> 

^ fusil>j|ity of ash, 121 

steam in gas jiroducers, 32 
Bonecourt Boiler, 490 
Boudouard, 10, 14 
Bourcouu, 335 
Brautioam, 139 
Breatuino, gaL, ‘78 
Brhnnstoffver(jasuno A.-G. f. — 
brown coal gasification, 417 
reciprocating ash discharge, 180 
tar rec*ovc?-y jK’oducer, 300, 307 * 

„ „ plant, 417 " 

Breuer, 82 
Bkk’k Kiln,*499 
Brick* i<iNL^c, design of, 192-198 
^Iryitig of, 473i 
of gas mains, ,‘*0()-308 
repoir.t'fflg < -^78 
for traction producers, 341 
British Furna('es, Ltd., 501 • 

Broods Pie dir'Eh, 108 
Brown ('o^l,%u11c weig‘lit^2^l 
gasilicatinri rate,^<l 

gasifi(^ation lesulls, 287, 30(i, 307, 321', 330 
nitrogen in, 79 
, Miilphur in, 1 15 
• tar yield, 103 ^ 

Br(*vn (.'om, (1asifu’\tion - 
in by-product rccovoiy producer, 287 
dywble zone jU’od.jeer, 321 • • 

low tcrnperaturi^tai^produocr, ,30(), 3C7 
Bryan Donkin, 447 *• 

Bulk wi'ight of fuels, 211 • 

Bunkkr fuel, 352-300 
BiiRKII KISER, 42 1 

BuKNKili, gas, 48!) f 

lUuiMNO (Iasks, general, .505-524 
m ])rodueer, 9, 427 
in Pintseh producer, 315 
in Syracuse jiroducer, 314 
Burnino out, 370 
Ba"i*ass Valve, 448 
By-troduct Recovery, ammonia (theory of), 
79-95 

gas producers, 279-313 • 

gas treating plant, 403-425 

liquid slag producer, 148^ 308 ^ 

low temperature gasification v. distillation, 312 

plant V. non-recovery, 311 

plant, M’orkmg costs, 480 

plant tests, 408-471 * 

sulphur (theory of), 115, 110 • 

tar (theory of), 94-414 

Caking, effect on gasification rate, 40, 224, 334 
tendency, judging, *462 
Calcium Sulphate, 415 


Calorific Value. See Heating Value 
Calorimeter (gas), 467 
Cambridge, dowrr-draught jiroducer, 317 
* wood-log producer, 212 • 

Camden Iron Works — • ‘ 

duplex grate producer, jl63 
mechanical fuel feed, 223 
Taylor producer, 168 
Wood, R. J)., producer, 243 
Carbon, in ashes, 55, 462 
balance, 459 

free (in tar), 470 • 

heat of reactions, 7 
heating value, 8 
Carbon Dioxidj: — 
effect on ammonia scrubbing, 414 
• eiuiidhermal agent, 25 
'formation of, from air, 8, 9 
from steam, 16, 19 
beat of formation, 7 
solubditv eoeftici(‘nt, 413 
sj>eeific heat, 62, 508 
test f(»r, in gas, 465 

('arbonizatio.n (low temperature) v'. gasilication 
(low temperature), 312 
Carbon Monoxide, formation of, from air, 8 
from (M),, 1 1, 13 
from steam, 16, 19, 21 
heating value, 72, 506 
ignition temperature, 488 
juojK'rties, 506 
specific heat, 62, 508 
test for, 466 • 

Carburizing (stove), 501 
Cascade (washer), Dowson ^ Mason, *391 
Lymn, 393 
Ruston, 392 

Smith, 399 , 

Wells, 392 

Casing (i»ro<lueer^, design of, 192, 198-202 
\vater jacketed, 2^6 
Cellulose (distillation), 96 
Centr\l, gan oiiTlct, 209, 334 
grate prodi^'crs, 160-163 * 

Centrifugal fan, 435-441 
r, centrifugal blower, 435 
r. positive blower, 445, 446, 448 
gas washers, 392-398, 405, 420 
Centrifui^, sulphate, 405, 407 
tar, 405, 415 

(Tiadwick, 93 ^ • 

Chapman, eroAvn (producer), 195 
floating agitator, 229 ’ 
fuel ^ed, 221 
jet Mower, 433 
Charcoal, bulk height, 211 
^%|!i cooling plant, 382 
reduction rate of COj, 12 
of steam, 17 

traction producers, use in, 341 
(Tiaroing Devices, down-draught producers, 317 
hand (.vee Hopper), 204-^13 
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Char«ing Devices— fonid. 
mechanical^ 216-223 
• rotary bunker* 357 * , 

> travefling bunker, 357 
vcfgetable refuse, 326-356 
Chlorine, absorbing ammonia, 414 
. in gas, 469 
Christie, 80-83 
Chrystal, 411 
ClNFIELD, 102 

Circumferential, ^n speed, 397 
. gr'ate producers, 158-1^ 

Cleaning, electric precipitator, 402 
fliies, 355, 368, 376 . 
heat loss due to cleanins; water 60 
means for, 376 
pressure during, 427 
valves, 450 

Cleaning Plant for — 

by-product producere, 403-425 
gas from bituminous fuels, 390-^03 
traction produceis, 341, 344, 347 
Clement (Adams & Haskins) — 
on ('O 2 reduction, 10 
on steam reduction, 17, 21 
Clinker Formation, cllect of using flue gases, 276 
general, 42, 117 

influence of ash components, 119-123 
Closed Hearth, 149 
Coal. See. Bituminous 
bulk weight, 211 
handling and storage, 352-361) 
testing, 462 

CoBU, on a^nmonia, 83, 88 
on hydrogen 8 ul])hkk* extraction. 425 
on hydrogen sulphide formation, 116 
Coke, breeze, ballast, ‘133 
bulk weight, 2 U 
cooling gas from, 383 
dust erosion, 375 
filling, 388 

gasification rate of, 39, 40 
results of, 25 
nitrogen in, 79-84 
reduction rate of ( 3)2 over, 12 
of steam over, 17 
sulphur in, 116 

Cold Gas v. hot gas, 311, 312, 367, 490, 504 
dryness of, 403 
(k)LOUR (sulphate), 409 
Combustion of Gas, eom])ari9on, 512-519 
general, 505-524 
in produrer, 9, 427 
temperature, 509 

time, 509, 512 ‘ 

Concrete Producer, 201 
Cl^NDENSER, jet, 405 
reflux, 414 
Con ST AM, 123 

Control Tests for by-products, 470 
fuels, 460-463 
' gas, 463-468 


Control Tests — could. 
impurities in gas, 468-469 
moisture in air, 273, 469 
in gas, 469 • 

Controlling blast from jet blowers, 430 

records, 476 

steam and air mixture, 255, 258, 260, $73 
Convection, heat losst^s, 57 
'^.'oNVEvi^JG Plant, 352-366 
Cooling, GVm .* 

direct v. indirect methods, 377 
effect upon volume, 429 
heat abstraeted when, 380 
reasons for, 367, 403 
theory of, 377-381 ^ 

watt r eonsumpthm, 378, 379 
Planl ■ 

bituminous fuels v, t \N asiiers), 390-'Oi 3 
byproduet. 103-425 
eo.v pj.v King, 388 
^'roMsley, 384 
Dowson, 382. 3S.3 
(bilnsV..’, 389 

marine produeer, 351, .*152 
national*gas engine, 382 
operation of, 476 
Pt>wcr-Gas Corporation, 385 
Shar]» Basset, 384 ' ,, 

smuii 'producers, 338 
three-stage eooler and saturator, 418 
traction jiroducer, 344, 347 
I Srnjace : 

water jackets, 248 
W(Uer : 

from gas er gines, 489 
heat in, 403 ^ 

on board ship, 349 
quantity of, 379 
tmnjierature of, 378 
Coi'i’ER Furnace, 494 
(JoRROsrtiN, of ammonia absorber, 405 
in by-jiroduct plant, 406 
in eva])orator, 407 
from exhaust gases, 268 
in Marischka producer, 252 
,in water jackets, 249 
(‘osTS, operating, 478-483 
(’oTTiiEix, electric cleaning, 402 
Critical 1*ressure (orifice), 434 
(UtOSHLEY BROrHERS — 

ammonia recoi’^ery producer, 285 
futfl hoj)|K>r, 208 
open hearth grate, 1'59 
jK 5 at producer, 330 
self-vapoming producer, 261 
suction gas plant, 384 
vegtfvable refuse producer, 327 
Cross Sciction of producer/. 38, 158, 192 
Chowan Bricks, 194 
Crucible Furnace, 354 
Cupola Producer, 136 ‘ 

Cyclone Dust Catcher, 375 
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)ampkb, sand, 371 
^.^viDSON, 438 
Dawson I^oditckr, 162 

)EOOMPOSiTi#3sr of ammonia, 85 ^ i 

of carbon dioxide, 9, ,22 
of steam (in by-product producer), 91 
(labpratory tests), 16, 22 
-(works tests), 32, 36 
Definition of furnace efficiency, 516 
of.N.T.P., 71, 269, 428 
of producer area, 37, 38 
of producer eflBi'uency, 47 
of saturation temperature, 269 , • • 

Deformation Range, ash, 118 
•Dehydrator, tar, 405, 415 
Density of Iks, ^ir, 428 • 

effect on gas distribution, 451 • • 

effect on* gas metering, 471 
effect on gts pressure, 437 • 

Depth Fuel Bed, control of, 475 
.effect of fuel grading, 39 
effect on gas quality, 14, 32, 35, 72. 75 
effect gag^ification rate, 39 . 
for peat gasification, 289 • 

for refuse gasification, 323 , 

for*traeli n producers, 341 
Deutsche M^ndcas Cctmpaisy, 299 
Deftz, drying sto , 503 * 
dwarf producer, 338 * 

gas washing fan, 397 
^ mechanical grate, 183 
• peat producer, 329 
rotary grate, 329, 338 • 

spray washer, 391 

Dew Point, of gas a (table). 27(4 • • 

of products of comlkistion, 516 
Diametral Duate Producers, If *158 
Diaphragm, governor, 448 « 

Diffuser, 435, 440 

Dimensions of Producers, central grate, 163 
duplex grate, 164 r. 

liquid slag, 140 
Taylor, 1(39 

Direct v. indirect gas cooling, 377, 404 
Disc Valve, 369 
Disinfection, producer gas, 338 
Disintegrators, gas, 417-420 • 

Distillation, composition of distillation gas, 26 
exothermal heat of, 48, 65, 310, 462 
gas, heating value, 26 , 

previous to gasification, 297-311 
products from various ^jiels, 96-107 
by sensible heat, 310 ^ 
test for fuels, 460, 462 
Distribution Gas, 450-455 
Dixon, 361 
Doloh. 103 

Double-zone PRODircERS — 

Canadian Dept. Minos on, 32i 
Dowson & Mason, 320 
Pintsch, 3 S 0 • 

Westinghouse, 261 


Down-draught Producer, Akerlund, 317 
Cambridge, 21?, 317 
cleaning gas froQi, 391 
Pemald on, 318 • , 

V, up-draught, 314 . . 

Dowson, J. E., 3, 27, 282 
Dowson & Mason, cascadb washer, 391 
double zone producer, 319 
Duff mechanical poker, 233 
recovery producer, 284 
Moore recovery producer, 291 
self- vaporizing producer, 265 
suction gas plant, 386 • 

Drakenburoh, 350 

Drive, for mechanical fud feeds, 222, 235 
for mechanical grates, 174, 180, 183, 189 
^ for, mechanical pokers, 228, 229, 240, 242, 
• 245 

Dry Bottom Producer, 149 
Dry Scrubber, Amsler, 387 
Dowson & Mason, 385 
I Gahisha, 389 
material for, 396 
National gas engine, 395 
l^ower-Gas Cor])oration, 385, 396 
Ruston, 387 
Sharp- Basset, 384 
velocity in, 389 

Drying, of moist fuels, 307, 417 
of ]>eat, 289 

• of sulphate, 405, 408, 409 
Drying Stove, 503 

Duff, ammonia reci^Try producer, 284 
grate, 155 

mechanical poker, 233 
Dunn, 123 * 

Duplex, blast (Hughes), 239 
(Kerpely), 171 
grate producers, 163-166 
Dust, analysis, 1^3, 3?6 
4n by-products, 404 
ill gas, 53, 252, 374, 376 
test for^ 460 

loss (prevention of), 144, 364 
(sawdusf producer), 323 
(thermal), 53 
(traction producer), 343 
removal, 363, 476 
settling in mains, 369 , 

specific gravity of, 376 
value in, 374 • 

washer, 404 • 

washing, 394 

Dust Separators, erosion by coke, 375 
Paiier (traction), 347 
principles of, 374 
^Kehmann producer, 144 
Smith (traction), 345 
velocity in, 376 

Dusty Fuels, Bourcoud producer, 335 
cleaning gas from, 390-403, 427 
Pintsch producer, 334 
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Dynamic Equilibrium, of ammonia, 84 
of carbon and oxides, 9 
and steam, 15 
of methane, 23 

Ebelmen, 3, 27, 133 

Eeficiency, of ammonia absorption, 405 
'of ammonia formation, 91, 94 
of centrifugal fans, 438 
of dust (dry) removal. 375 
of furnaces, 512, 510 
of gas engine, 487 -•i89 
'of gas turbine, 493 ‘ 

of* gas-fired boiler, 490 
of formation, HO 
of HjiS removal, 424 

of positive blower, 442 « 

of sui>erheater, 283 
of tar formation, 49, til 
of tar removal, 395, 398 
thermal, definition of, 47 
of va])orizers, 258, 2()3 
Ehuiiahdt & Sehmku- 
arrangeinent of ])roduccrs, 3()4 
boiling ])an, gas-iired, 503 
mechanical feed producer, 219 
mechanical grate producer. 171) 
tar recovery jiroducer, 299 
Electric, gas cleaning, 402 
Klkvators, fuel, 352-3()() 

Emptying, producer, 477 
Emulsion, tar, 397, 405, 415 
Endothermai. Agents, from lime Kiln, 499 
products of combustion, effect of, 24 
plant uf^ng, 273-279 
steam. >S’ee Steam 
Engine, gas, general, 487-489 
marine, 348-352 
using cooling water from, 489 
using exhaust gas from, 208, 488 
Equilibrium (.'onstant, ammonia, 85 
. carbon and oxides, 10 

and steam, 10 ' • 

Equivalent, heat ffmi gases, 518 ^ 
pipe length, 451 

Erosion, in by-product plant, 400 
of coke dust, 375 
Ethy'LENE, 25, 72, 500 
Eutectk' Mixtures, il8, 120, 19(» 
Evaporator, vacuum, 405, 407 
Exhaust, boiler, 208, 488 
Exothermal, distillation heat, *^48, 310, 402 
Expansion Coefficient, fireclay, 197 
Explosion, during cleaning, 427, 478 
door, 371, 450 
due to flow reversal, 450 
safeguards, 474, 478 
during starting, 474, 477 
Eynon-Evans, 432 

Fan (centrifugal), Davidson, 438 
^tlefinition of, 435 


Fan (centrifugal) — contd. 
diffuser, 435, 430 
imjiellers, 435, 436 
* Keith, Blackman, 430 
overloading, 439 
power of, 438 
R])eed, effect of, 438 
test results, 438-440 
V. ]K)sitive blower, 445, 44(5, 
washing, gas, 392-398, 420, 427, 438 
Fauup, 10 

Feeding of Producer — 

' 'hand (^cc also Hopper h 202-210 
mechanical, 210-223, 235, 343 
tra(‘tion, 343, 347 

Feld. 424 ■ , ^ 

'Feknald {)ii cooling w'atcr, 379 

on down-draught r, u])-ilraught, 318 
Ferric Hydroxide, sludge, 423 ' 

Ficiiet, 135 , 

Field, H9, 123 
Fikldnkk, 118, 119 
Fii.iang, scrubber, eoke,’J188 ^ 

iron, 389 
pebbles, 347, 389 
savvdust, 388, 389 
stoneware, 405 
wood, 329, 391 
Filter, acul spray, 405 
box, 385-389 
dust, 345 
glass wool, 399 
rotary, 420 ‘ 

screw plug, 400 

Fjrep*ricKd producer, 192-198, 341 
(piality, 193 '' 

Firei’lay, 19y, 190 
Fischer, Jli>5, 110 
Flame, radiative ]»ower of, 500 
velocity of, 505, 500 

I Flame TKftiPERATi re, definition of theoretical, 509 
effect of moisture in gas, 521 
effect of ]>r(‘-hcat, 522 
F..AT (Irate Producers, 150-152 
Flinn, Dreffein, cleaning bituminous gas, 400 
mechanical grate, 183 
tar extractor, 401 
Flues, underground, 308 
Forge, furnace, 499 
Foster, 451 r 
Frank, 113 

Fr k y tag - .M etzler ,420. 

Fuel, analysis of various, 08, 402 
bell, 203, 283, 320 
charge, eajiacity of, 202, 211 
distribution', 202, 200, 210, 223 
feeding and stirring, general, 246 
floating^agitator, 229, 233 v 
grading. See Grading 
handling', 352-300 
leveller (Morgan), 240 
nitrogen content in, 79 
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Fuel — c.ontd, 
storage, 352-306 
sulphur content in, 110 
testa, 400-4018 

uaed for producer gas .manufacture, 4, 325 

• weigljt^ bulk,- 211 

Fuel Bjh >, depth {mcc. Depth), 14, 32, 35, 30 
resistance, 203, 323 333, 426 
temperatures, 28, 31 

Fuel Nature, Effect upon, ammoii^a yield, 
80, 81 

CX) formation, 12, 14 

gas quality, 32, 70 * * < 

gasification rate, 41 

• methane f(^*mati()n, 22 

steam deeompcisitiun, 10 • , 

tar yield, 90-107 * 

Furnace, toiling ])an, 503 

bri^k kiln, ^99 * 

carlfuifizing, 501 

<'o])per,*494 « • 

t-rucible, 354 • 
drying ^^ove (^>3 

eilicieuey, 512 * 

chart, 519 • 

forge, 499 * 

glass, taqk,^)ot, ‘95 * . 

lead, 495 , ' * 

lime l^iln, 499 <> 

mufho, 497 
0 ]ihite, 503 

• pressui’c loss it\ seiui-gn'^, 427 

rct’uperative, 497, 4!r8 * 

regcnerati\e, 495, 497 

rytary, 500 » • • 

small, 504 , • 

tool, 499 . 3 

FrsiNc 'rKMi*EUATi’RE, ash, determ iiijitio.i of, 119 
effect on gas quality, 75 

(Iaiaisua, gas cleaning, 389 • 

marine producer, 352 • 

steam raising, 274 
(Ias, analysis, 4()3-4(i7 
antipulsator. 449 
bag, 449 

by-pass, 448 • 

calorimeter, 407 

cleaning {see Clkaninc). 307-421 
cooling (wc Cooling), 307-421 • 
direct v. indirect, 377 
density, 428 • 

distribution, 450-450 • • 

drying. See Drying 
engine, 487-489 

filter. See Filter • 

firing v. coal firing, 489 • 

governor, 447-449* ^ 

green, burning, 314-317 

heating vj^ue, 72, 500 

holder, 446 • 

hot V. cold, 311, 312, 307, 490, 504 


Gas — contd. 

leakages, 59, 286, 427, 499 
mains. Sec Maijjs 

0 metering, 471, 472 • 

outlet pipe, central, 209 , . 

outlet tcimperature, 01, 74 
pipe seal, 383 
piping, 450-45(> 

])ressure gauge, 449, 472 
pressure, governing, 447-449 
properties, 500 
pump, 490-492 , 

quality {see (Quality), 30-70 
quantity, 70-78, 429 
for distilling fuels, 310 • 

1 for testing, 4Ki8 
• ^ sati^rating, 378 

'viaturation temperature, 209, 274 
scrubbing. See Scrubber 
specific heat, 01, 508 
testing, 407-471 
! furbine, 492-494 

j valv'e, 309, 450 
I velocity. See Velocity 

I volume, 78, 429 

washing. See Washing 

Gas Producer and Engineering Corporation, 
274, 352 

Gases, industrial, analysis of, 513 
equivalent volumes in furnaces, 518 
])roi)erties of, 500 

i ( Jasifk' YTION, low temporatu re,t’. carbonization, 31 2 
' Gasification Hate, ash, effect of, 42, 117 
I Bell, effect of, 203* 

I charts, 45, 40 , 

definition of, 37 • 

' down draught producer, 318 

I ■ dusty fuels, 334 ^ 

I effect of depth, 39 • 

{ eff(!ct of distril^utioif, 203, 210 

' grading, effect of, 39. 40 

; load factor, 38, 4?1 

! mechanical gsate ])roducer (Hilger), 181 

! moisture, effect of, 41 • 

nature of fticl, effect of, 40 
1 slagging producers, 141, 140 

j traction producers, 341, 343 

Gauge, pressure, 449, 472 
Gay-Lussac, law of, 429 ^ 

George Mechanical Feed, 219 
Georgs-Marieniiuette Producer, 27, 140, 142 
(fiLMGRR, 99 • 

Glass, furnace, 495 
-wool filter, 390 
Gluu/, 82, 110 
Goe^’Z, grate scraper, 182 
^star-grate, 180 

ftcam-blown pokehole, 215 
Governor, pressure, Brvan-Donkin, 447 
diaphragm, 448 
hot gas, 449 
Pintsch, 448 
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Grading of Fuel, determination of, 460 
effect upon dust loss, 53, 144 , 
effect upon fuel depth,. 39 . 

effect upon gasification rate, 40 
• Grate, area, 37, Ifi? 

central grate producers, 160-163 
circumferential grate producers, 158-160 
■ design, 167 

diametrical grate producers, 155-158 
drive, 174, 180, 183, 189 
duplex grate jnoducers, 163-106, 236 
flat grate producers, 150-152, 343, 345 
' grateless producers, 1C6-167, 186, 332 
high pressure, 187 
Kerpely, 171 

mechanical grate producers, 168-191 
removable (Deutz), 329, 338 , 

step grate producers, 153-155 * 

Gray, 104 
Grouvkn, 86 

Gwosdz, on liquid slag producers, 308 
on steam reduction, 19 
on Tait gas producer, 275 
Gypsum, 415 

Haber, 84 

Hagan Producer, 157 
house, 359, 360 
Hao rr & Weidmann, 420 
Hahn, 16 
Hall, 118, 119 
Hand, ashing, 149-168 
feeding, 203-213 , 

poking, 213-216, 224, 475 
Harries, Ke 
Harvard, 195, 197 ' . 

Haski;?s ((’lement, Adams &), 10, 17 
Hausdinci, 98 

Hearth, opeii v. closed, 149 
Heat, concentration on combustion, 505, 506 
of distillation, 48, 65, 310, 462 
■ . in products of combustion, 507 
in saturated gas, 378-381 
for sulphate evaporation, 409 
from vaporiser, 258, 2(53 * 

in water from air saturator, 265 
in water from gas cooling, 264, 405 
in water from producer jacket, 59, 247 
Heat Conductivity, nf firebricks, 197 
of gas cooling, direct r. indirect, 377, ^81 
in superheaters, 283 t , 

Heat Loss in ashes, 55 ‘ 

in furnaces, 519, 524 
in producer, i^ee Thermal Efficiency 
in tar recovery producers, 303 \ 

‘Heating Surface, vaporizers, 262 
Heating Value, ammonia, 60 ^ 

carbon, 7, 8 * 

determination, 467 
distillation gases, 26 
fuel, definition of, 47 
various, 462 


Heating Value — cantd. 
gases, 71, 506 
hydrocarbons, 70, 467 
producer gas.. See Quality of Gas 
sulphuretted hydrogen, 60 
tar, 60, 111 

Heller Producer, 166 
Hempel, 463 

Hermansen, crucible furnace, 354 
onaraehing muffle, 497 
flat grate ])roducer, 150 
glass pot, 497 
'■ 'Hime kiln, 498 

step grate producer, 154 
Herrmanns, 144 
Heurty, j135 

'•Hilgeh, futl hop])cr, 206 
mechanical grate, 179 
hoFFMANN Manufacturing (lOMPAf^Y 
log sheet, 476 
Lymnqdant, 406 
Holborn and Henning, 61 
Holder, gas, 446- ’ 

Hollinsheaj), 93 
UOLZAPKKL, 350 
Holzwarth, 492 
Hopper, Batnag, 200 
('ambridge, 212 ' 

double valve, 204 
llilger, 206 
Kcr}>ely, 207 
Parker, 347 
Pierson, 209 ' 

rotary, 207, 208 
ShaAp-B^iKset, ?'J7 
sliovel fed, 205 
Stein, 210 «, 

Vulcan, 907 
Wells, 213 
vmod, 212 

Hot GAS,ohandling, 367-377 
j)ressure governor, 449 
V. cold, 311, 312, 367, 490, 504 
Housing, gas ])roducers, 352-366 
Hudler, 276 

Hughes, mechanical feed, 222 
ihechanical ]>oker, 225, 237 
Humphrey, H. A., on air saturation, 3( 
on gas distribution, 455 
on plate valves 373 
on pump, 490-492 
Hunting, of governor, 449 
Hutu & Roettger — 
duplex grate producer, 163 
fuel bed lifter, 182 
Hydrocarbons, 70, 464, 467 
HYDROGf.N, determination of, 466 
formation of, from steam, 1§, 19, 20 
from volatile matter, 26 
heating value, 72, 606 
ignition temperature, 488 ^ 
nascent, 88, 90 
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Hydrogen — contd. 

^properties of, on combustion, 506 
specific heat, 62 

sulphuretttd. /See Sulphuretted • 

Ignition Temperature, 488, 506 
' ImpelTer, fan, 435 
Imeurities in Gas, test for, 468-470 
IND 1 RF.CT Gas Cooling, v . direct, 377, 404 
Moore’s plant, 412 • 

Thyssen’s, 411 
Insulating 192 

Intensity, thermal, 507 , • • 

International Clay Construction Co. — 

• central grate producer, 162 

kiln, briclP, 499 • 

International Construction Cop (see alsrp 
MorcTan), 240 

Iron, in aslJ| 119 • 

143 

. from slagging ])roducers, 130, 143 

• 

Jacket, water, 240-249 
Jaworski, 2ll!),1i03 ' 

Jet Blower, CJhajimaii, 433 , 

Eynon-Cvans, 432 
KortinfL 4)^1 • 

Led warn, 431 * * * 

Meldrum, 431 * 4 

stcafh consumption, 430, 432, 434 
^ Wellman, 432 
iJkt Condenser, 405 
Joints, fireclay, 193 * • 

gas piping, 450 

recuperator, 49.; r , 

Keith, Bla(jkman, 430 . 

Kerpely, Fuel Hopper, 207 , 

-Koppers producer, 253 
])roducer, 170 
Kiln, gas-fired, 499 

King, 104 • 

Kirkk Boiler, 490 

Kitson Broducer, 170 

Koppers-Kerpely Producer, 253 

Korting, 431 

Kranendieck, 80 

Kynocii, 209 

Lambris, 81 • 

Lanoen, 62 

Large Producers, 339 . 

Latta, 357 , 

Lead, pot, 495 
Leakage, losses, 59, 427 
in recuperators, 499 • 

in superheaters, 286 
Ledward-Beckettv 431 
Leech, 33 
Lessing, 123 

Lighting up Producer, 473 
Lignite, analyses, 462 


Ligni’A; — contd. 
for boiler firing, 489 
bulk weight, 211 
by-product plant, -288 
gasification of, 288, 331 
gasification rate, 41 
nitrogen in, 79 
sulphur in, 115 
tar yield from, 103 
Limberg, 120 

Lime, effect on ammonia formation, 93 
effect on clinker formation, 12() 
kiln, 499 • 

-atone, in slagging producer, 137 
Linok, 300 • • 

Lining, brick, cfcrying producer, 473 
general, 192-198 
* m^ns, 366, 367, 368 
jiointing, 478 

.slagging producer, 137, 148 
fraction producer, 341, 345 
Ihquid »Slag, melting point, 119, 121 
viscosity, 123 

Liquid-slag Producers, Gcorgs-Mai;ienhuette, 13! 
Pintsch, 145 
Rehmann, 144 
S.F.IL, 135 
Thwaite's, 135 
Wuerth, 138 

Load Factor or Producers, 38, 43 
Load Fluctuation — 
centrifugal fans, 438, 446 
effect on air saturation temperature, 266, 430 
positive blowers, |44, 446 
quality of gas, 255, 430 • 

Locomotive, refuse, 333, 384 
Log Sheet, 476 
Log-wood Producer, 212 
Lorry (see Traction), Parker, 345* 

Smith, 343 ^ * 

•Thorny croft, 339 

Low TuMPERATUiflE Gas Producer — 
Allgenieine Vergaaungsgeacllschaft, 307 
ammonia* yield in, 93 • 

general, 7^, 95 
Power-Gas Corporation, 294 
tar yield in, 112 

Low Temperature Gasification v . low tempera 
turc carbonization, 31^ 

Low TEAfrERATURE TaR PRODUCTION-— 
in external mechanicaj^ retorts, 307 
*in external stationary retorts, 304, 307 
in internal mechanioal bells, 299 
in internal revolving retorts, 300-304 
in j^iternal stationary bells, 298, 299 
ii^ternal v. external retorts, 308-311 
liquid slag producers, 308 
^^ond producer, 298 

Power-Gas Corporation producer, 294 , 

Lymn, air saturator, 264 

ammonia-recovery producer, 285 
on gas turbine, 493 
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LyMN — conld. 

-Ralnbuah producer, 173, 182 . 
washer, 393 

■ in ajnmonia-recovery plant, 405, 40(1 
test on, 394 ' • , 

Mains, hot gas, burning out, 377 
'cleaning of, 352-300, 370 
lining of, 300, 307, 308 
overhead r. underground, 308 
sizes of, 309 
velocity in, 309 «. 

Marine Projiucers, C-apitainc, 350 
Drakeii burgh, 350 
Galusha, 352 

gas-cleaning, 389 *■ 

Holzapfel, 350 
Marisciika, ])roducer, 249 
on dust sejmration, 375 
Markc.raf, 138, 143 
Marsh Gas. tiee Methane 
Mayer and v. Altmayer — 
on ammonia formation, 81 
on carbon oxides, reaction of, 10 
on methane formation, 23 
Measckini! Rod, 475 
Mkchanical J'RoDrcEKS, in regard to- 
ashing, 108-191 
charging, 210-223 
stirring, 223-244 
Meldrl'M, 431 

Melting Point of ash, 118, 119 
of fireclays, 195 , 

Methane, determination of, 400 
formation of, by heat, 25 
formation of, from sleam, 17, 22 
heating value, 72, 500 
ignition temperature, 488 
properties ol, on combustion, 500 
specific heat, 02 * e 

Milwaukee Boiler Co., 259 
Moisture in Air, test for, 273,’ 409 
Moisture in Fuel, for air blast, 2VH, ^17 
effect on gas quality, 72 
effect on gasilication rate, 41 
effect on tar yield, 307 
effect on thermal efficiency, 48 
Moisture in (Jas — 
effect on analysis, 4(U, 400, 515 
effect on flame tenijierature, 521 
sensible heat of, 02, 5(18 
test for, 409 • 

Moisture in Sulphate, 408, 470 
Moisture in Tar, dehydrated, 405, 416 
emulsions, 397, 399, 412 \ 

‘ test for, 470 

Molecular Reaction Heat, 7, 8 
Mond, L., ammonia absorption })roccss, 404 
aidmonia recovery producer, 280, 282 
brine as -absorbing agent, 414 * 
engine exhaust for gas producer, 274 
JifOND Gas Plant, general, 280, 284 


Mond Gas Plant — contd. 
gasifying brown coal, 287 
lignite, 288 
t peat, 289 

making neutral suli)hatcin, 411 
Mond Gas Producer, ammonia yield in, 91 
tar yield in, 112, 298 
temperatures in, 31 
Mond 'rRUMP Producer, !()(> 

MonkhouSe, on ammonia, 83, 88 
on sul]>huretted hydrogen, 115 
Moore, gas pooling plant, 412 
• vroducer, by-product, 93, 291 
tar extractor, 399 
Morgan, gas machine, 240 
meehanjeal feed, 221 
' 4 )roducer^irrangement, 305 
Mother-liquor, 408 
Muffle, furnace, 497 
Mushroom Valve, 370 

Nagel, 212 ; 

Nascent, hydrogen, 88, 9(3* 

National Gas Engineering Go.— 

. ilry serubbef, 395 
flat*grate producer, 151 
])orlabJe producer, ,339 ' 
self-\a]M)rizing ))rodufel, 25’’* 
small gas^applications, 504 
suction gas ])lant, 353, 382 
Net Heating Vali e of fuels, 47 
of gases, 72 

Neumann, on equilforium 'of carbon oxidesjre 
action, 10 

on pj;is cQinposjPon in stages of formation, 29 
32 f * 

on specitic U'at of gases, 01, 5\*7 ^ 

Neutral, s*il])hate, 411 
I Nithides, 8.3, 87 
! Nitiux.en, content c)f fuels, 79 
I contentiof gas, 77 

. determination of, in gas, 407 
distribution in distillation products, 80, 82 
specitic heat of, 02, 508 
i N.T.P., 71, 209, 428 

Oil'\V.\shing, of gas, -05, 417 
'Glin, 103 
(.)i'EN Hearth, 149 
producer, 159 ^ 

Operating, costs, 478, 483 
])lant, 475-477 
platftrm, 352-300 
Operating Results — 
of Beiuler & Fraemb’s vaporizer, 278 
of Bentley fVicl agitator, 235 
of bro^ui coal gasitication, 287, 330 
of Chappian fuel agitator, 
of double-zone producers, 320-322 
of dowui -draught producers, 318 ^ 

of green gas, burning, 315 « 
of Hughes, mechanical poker, 240 
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Operating Results — contd . , 
yf Kerpely producer, 172 
of lignite gasification, 288, 331 
of liquid -slag producer, 135, 142^ 140 
of Lymn ])le.nt, 286, 407 
of Lj^n-Rambush producer, 176 
of Mn ischka producer, 251 
of.Mond producer, 32, 282 
of Moore producer, 291 
of Morgan gas machine, 242, 243 * 

of jieat gasification, 289, 330 
•of Pintsch m.c^ anical grate, 178 
of Power-Clas low temperature producQ^-, 294 
of Smith mechanical ])oker, 236, 237 
’ of smoke box cliar, 335 
of steam jA blpwers, 432-434 • ^ 

of Talbot mechanical |)oker, 229 « • 

of vegetable waste, 320, 327 
Ori^ce, dis(fiarge, gas, 472 • 

sten«^ 434 

O.W'GEN, content in engine exhaust, 488. 
content of 4uokH (varhnjs), 402 
conteiit^f fyrnacp gases, 508, .510 
content in producer gas, 280, 330, ^27 
determination of, 400 , 

reaclloiis with carbon, 7, 8 
specific he:i*of, <i2, 5W8 , 

Packin(!, dry sens triers, 388, 395, 39(i* 
wet scrubbers, 388 
AHAiiomc Bunker, 358 
AH K Eli, lorry, 345 
S(irubber, 347 * • 

Parr, 103, 115 

Partial Puessero of ammonia,«85, 86^ 411^ 
of steam in gas niD^aires, 269, 272. 429 
pATCHELt-, oi^ corrosion in liy-pn ’ret plant, 4O0 
on gas jiressures and temperatuies, 44)0 
* on Lyrun plant, 280 
Paton, 293 

Peat, analyses, 402 • 

for boiler firing, 489 
bulk weight of, 211 
by-product recovery from, 239 
gasification of, 289, 321, 330 
gasification rate, 41 

nitrogen in, 79 • 

sulphur in, 115 
tar yield from, 98, 99 
Pelouze-Audoin, 399, 412 , 

Phenol, in liquors, 00, 407 
in tars, 100, 111, 471 , 

Pictet, 103 , • 

PiERS< )N Producer, 209 
Pig Iron. See Iron 
Pintsch, annular pioducer, 337 • 

liquid-slag producer, 145 , 

mechanical grate ijrodueer, 177 , 

pokehole, air- blown, 215 
portable producer, 338 
pressurc-governoit 448 
producer for dusty fuels, 334 


Pintsch — contd. 
rotary bunker, 356 
tar destruction producer, 315, 320 
tar extractor, 399 • 
tar recovery producer. 304 , . 
top va])orizer, 257 
PiriNcj (me also Mains) — 

“equivalent ’’ length, 451 
gas distribution, 450-455 
Pitot Tehe, 472 
Plate, furnace, 503 
J*LATE Valve, asbestos, 372 ^ 
quadrant, 373 • 

Platform, 352-306 

PiA'G, pokehole, 214 ' * 

Poetter, 180, :m 
Poisc^'iNG (producer gas), 338, 478 
*'|’«kehole, air-blown, 215 
bail, 214 
bricks, 194 
plug, 214 • 

• steam -blown, 215 
Poker, Bentley, 234 
Chapman, 229 
Dull, 233 
hand, 213, 476 
Hughes, 225, 237 
Smith Engineering Co., 234 
'Palbot, 225 
Wood, R. D., 243 
Poking, 213-216, 224, 475 
lh)LE, on gas flow, 450 
POLYTHIONATE, 424 ^ 

Portable Producer, 339 
Positive Blower, 441-445 
Potential, thermic, 505 • 

1 Powell, 115 

Power, from producer gas, 487-49 
reduction of, for lorry engines, 33i 
used in throttlpig grfte, 448 
P»WER CoNSUMi’TioN of centrifugal fans, 438 
of mechanical fedlls, 222 
of mechanical grates, 189 
of mechanical pokers, 228, 829, 240, 242, 245 
Powek-Cas f okforation, on ammonia yield, 92 
airangemcnt of producers, 358 
by-])roduet recovery plant, 405 
central grate jiroducer, 163 
cleaning bituminous gas, ^94 
concreti? producer, 201 
copper furnace, 494 ^ 

gas-analysis set, #165 
lignite producer, 331* 
low-temjierature producer, 294 
Lvi|lii-Rambush producer, 173 
pl^te furnace, 502 
sclf-vaporizing producer, 256 
^ Siiction-pressure plant, 385 
on sulphur extraction, 423 
Talbot jiroduc^r, 225 
on tar yield, 112 
vegetable refuse producer, 326 
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Predistillation, retorts, 297-311 ' 

teraiwratures in, 299, 302, 303, 306 
Preheat, effect of, 522 
Pressure, in by-product plant, 406 
of distribution, 451 -455 
effect of altitude, 429 
effect upon dust removal, 427 
. effect of speed, blower, 445 
effect of speed, fan, 438 
effect upon volume, 429 
gauges, 449, 472 
from jet blowers, 432, 434 
' plant r. suction plant,L 426 
regulation, 445-449 

Pressure Control, against explosion, 427 
general, 445-449 
by reducing valve, 431 
by s])eed regulation, 446 
PjtESSURE Loss, in by-product plant, 406 
effect on delivery pressure, 446 
effeet on gas quality, 368, 430 
in gas flues, 368 
in gas pij)ing, general, 450-456 
in gas pipjng, special, 454 
general conditions of, 426, 427 
location of, 476 
machinery, effeet on, 445 
in sawdust, 323 
in semi-gas jiroducer, 427 
in suction gas plant, 426, 427 
in tar filters, 399, 401 

Producer, area, cross-sectional, 38, 158, 192 
arrangement of, 352-366 
brick-lining, 192-198 ^ 

boiler, 249*254 

by-product recovery, 279-313 
easing, 192, 198-202 
dimensions. iSee Dimensions 
double-zonf, 320-322 
down-draught, 314-317, J591 
dusty fuels, 333-337 
efficiency, thennal, 47-70 * 

emptying of, 477 , 

gas distribution iit^ KiO 
gas quality, 70-76 
gasification, rate of, 37-46 
grates. /S’ee Grates 
hand-ashed, 149-168 
hand-fed, 202-216 
laige, 337 

lighting up of, 473 ^ 

liquid-slag, 133-148 < 

low temperature, 294-311 

marine, 348-352 

mechanically ashed, 168-191 

mechanically fed, 216-223 

yaechanically stirred, 223-246 

open V. closed hearth, 149 

operating results. See Operating Results 

joperation of. 475 * 

peat and lignite, 329-333 

protection of, 352-362 


I Producer — contd. 
radiation of, 57 
reinforced concrete, 201 
self-vaporizing, 254-264 
shutting down of, 477 
small, 338 

tar destruction, 313-323 
tar recovery, 294-311 
vegetable refuse, 323-328 
water-jftcketcd, 246-249 
wet V. dry bottom, 149 
Producer Gas Process, 2 
'PRODUCTS' OF Combustion, general, 507-509 
use for drying peat, 289 
use as endothermal agent, 24, 273-279, 499 
Pulsations preventing, 499 
Pump, Humphrey, 490, 492 
Purging, of plant, 384, 474 
Purifying Gas, from ammonia, 405. 
from sulphur, 422 
from tar, 395, 398 

Quadrant, valve. 373 
Quality of Gas, burner for testing, 383 
determination of (analysis), 464 
efffet of air saturation, 32, 35 
effeet of ash, 75 
effect of ash removal, 3'2 
effect of double zone, 323 
effect of down-draught, 318 
effect of fuel depth, 73, 75 
effect of fuel distribution, 203 
effect of fuel naiuie, 76 ' 
effect upon gas-engine, 488 
effcf't of gas-ontlet temiierature, 74 
effeet of jet blowers, 431 
effect of loed fluctuations, 25o. 430 
effect of moisture content, 72 
effect of pressure loss, 368, 430 
effect of radiation losses, 75 
effect of steam pressure, 431 
, effect of superheater, 66, 282, 290 
effect of vajiorizer, 254 
effect of water-jacket, 75, 247 
at various layers, 27, 31 
Quantity of Air, calculating, 428 
Qu'^ntity of Gas, effect of altitude, 429 
effect of moisture content, 429 
effect of tcmjierature, 429 
“ equivalent in furnaces, 518 
general, 76-78* 

required for distilling fuels, 310 
(• 

Radiation, of flame, 506 
losses, 57, 75 
Ramsey, 86 * 

Rate of Gasification (dee Gasification), 37-46 
RaU and l^AMBRIS, 81 , 

Reading ‘Iron Co., 376 
Recovery, of ammonia. See Ammonu 
of by-products. See By-pbciducts*' 
of tar. See Tar 
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xviii^JurjttnAiJn^jM, luiuaur, ■*»<, ‘two, ii£.£i 

Riducing Valve, 431, 475 
‘ Reflux Condenser, 414 
Refractory tJoEFFiciENT, of ashes, 125 
of fireclay, 125, 195 • 

• REFUie, vegetable, 325 

Reoeni RATION, fumace, 495, 497, 522 
Regulation — 

of air and steam mixture, 256, 258, 260 
of’jet blowers, 430 ■ * 

of pressure and volume, 445-449 
Rbhmann, liquid: slag producer, 144 
mechanical grate producer, 177 .. *• 

^ tar recovery producer, 299 
ReinforceUpConcrete, producer of, 201 
Resistance {me^aUo Pressure Loss/ o{ fuel bed, 
203, 323, 333, 426 • 

Retort, predistillation, general, 297-311 
tiBiIieratutcs in, 299, 302, 303 
ReveVmble Reactions, ammonia, 84 
* carbon* and oKides, 9 • 

and steam, *15 
methanf, 2^ « 

Rhead and Wheeler — ’ 

on carbon and oxides reaction, 1(1, 14‘ ^ 

anil steam reaction, 21 
Rice Hujjtfh,^27 * • , 

Richmond, stove, ^2 ** 

Rockwell, 501 • 

Roi-ler Hearings, 176 
•Roots Blower, 441 
•Roher, 108, 298, 411 ^ 

Rc^aky, blower, 441-445 ** 

bunker, 356 

ieeding valve, 207 f , • 

furnace, 500 , • 

gas ])rodutcr, 331 • 

• grate, Dcutz, 329, 338 • 

general, 168-191 
meter, 471 

tar filter, 420 • 

Royster, 123 

Ruston, Hornsby, charging sawdust, 356 
gas-cleaning plant, 392 
waste-wood jirodueer. 326 
wood-wool drier, 387 

S.F.H, Producer, 135 
Sabatier and Vignon, 22 
Sachs, 93 • 

Safeguards, 474, 478 
Salmang, 87 • 

Sampung, ashes, 463 • • 

fuels, 4W 
gas, 463, 467 

Samuelson, 443 • 

Sand sealed, damper, 371 • 

disc valve, 369 • , 

Saturating Air, from air heaters, 268 
from go^cooling water, 264, 405, 418 
from gas-engine tiooling water, 489 
from gas-engine exhaust, 266-268 


Saturating Air — mrUd. 
from jacket wajer, 248 
frtim moisture in‘fuel,,268, 418 
i from vaporizers, 255, 258, 260 
Saturation Temperature, i^r, 269 
gas, 378 

effect of altitude, 429 
effect of jet blowers, 431 
effect of steam pre^ssure, 431, 475 
Sawdust, gasification of, 323, 328 
storing of, 356 

Sawdust Scrubber, designs 382-390, 395 
necessity for, 398 • ‘ • 

jiacking of, methods, 388, 395, 3.X) 
removable basket, 387 ' ' 

repacking, 39ii> 

^ velocity in, 389, 395 
SftHN EIDER, 107 

Scrubber (.sec aho Washers), ammrtnia, 412, 414 
bituminous fuel, 390-403 
clean fuel, l]{82-390 
• cleaning of, 384 
coke-filling, 388 
marine plants, 351 , 352 
Parker, traction, 347 
Small, 338 
Smith, traction, 344 
Sea Water, 349, 389 
Self-vai*okizing Producers, 254-264 
Semi-gas, furnaces, 354, 497, 498 
♦ pjx'ssurc loss in producer, 427 
r. plain gas firing, 504 
Sensible Heat [-Hee^lso Spech-tc Heat) — 
gases, 62, 367, 508 
water vapour, 62, 508 
Sepulchre, 13) • 

Settling Tanks, 405 
Siiarp-Basset, fuel feed, 207 
scrubber, 384 • 

self-vaporizing; proifiicer, 259 
Stiarplks, 415 

Shell producer, design of, 192, 198-202 
water- jackeWd. 247 
Ship Propulsion, 348-352 • 

Shutting -rlt^WN, jmjduccr, 477 
Siemens Producer, 3, 153 
^ Silica, in ash, 126 
in fiivclay, 196 

Skin Temperature, producer, 58 
Slag, aiiSlyais, 136, 143, 146 
, “ liquid slag ” pniduijpr («ee “ Liquid Slag 
viscosity, 123 • 

Slip, blower, 441 
Small Gas Producer, 338 
SmitIi, C. D., on liquid slag producer, 1 37 
Smi^h, H. J., on motor vehicles, 343 
^mith Gas Engineering Co. — 
air-saturating method, 266 
gas cleanmg plant, 399 
glass-wool filter, 399 
mechanical poked producer, 234 
shaking grate producer, 151 
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Smoke Box Char, gasifying, '333, 334 ^ 

Scot; formation of, 53 
Special Bricks, 194 
Sbecific Gravity, of aii’, 42-8 
• of diist, 376 . , 

of fuels, 211 
of gas, 428, 437 

, of sulphate liquor, 405, 409, 470 
of tar, 103, J09, 470 
Specific Heat, of air, ,508 
of ashes, 57 
of gases, 62, 508 ^ 

• of water vapour, 62, 56)8 
Speed {see Velocity), Alteration— 
of blower^ effect (jf, 444 
of fan, effect of, 438 
Spent Tan, gasification of, 327 
Spray', catcher for acids, 40,‘) 
for evap6rator, 407 
washer, 391 
water, 383, .385 

Stacks, gas production, 27, 31 
Standjiy', fuel, 477 
of marine producer, 352 
Stansfield, 99 

Startinc-up, dowii-drauglit producer, 317 
general, 473-475, 477 
purge i)ipe8, 384, 474 
steam raising when, 260 
suction gas plant, 254, 383, 385, 386, 3{)0 
test burnrM's, .383, 474 
time for, 477 
Steam — 

consumption of jet Iilowers, 430, 4.32, 434 
decomposition of, 17, 22, .34, 35, 61 
effect upon ammonia formation, 86 
effect 112)011 hydrogen sulphide formation, 
111 ) 

jiressure, efS^'ct on gas ([ualitv, 431 
C 2 uantity, effect on gas coin position, 32, 35 
reactions with carbon, 7, 16, 22 
. _ reducing valve, 431 ^ 

s]it‘eific heat of, 62, 508 
for sulphate liqiionK'vajioration, 409 
undecomj)osed, 61, 92 

Steam for Brodccer, from air heaters, 268 
from blower exhaust, 443 
from direct combustion, 277 
from Hue gases, 275,^276 
from gas-cooling water, 264, 405 * 

from gas-engine exhagtit, direct, 274, 275 ^ 

from gas-engine exhaust, indioeet, 266. 268 
from Koppei-s-Kerjiely jiroducer, 253 
from Marisohka jiroducer, 252 
. from moist fuels, 268, 418 \ 

• from producer drive, 1 74, 236 
fi;om vajiorizers, 2.54-2(54 
from water jacket, 249 ^ 

wh^n gasifying vegetable refuse, 323 
St»am Jet, blowers, 430-435 ‘ 

critical velocity of, 434 
kinetic energy of, 435 


Stein & Atkinson, Chapman producer, 229 
forging furnace, 500 
fuel hopper, 210 . 
glass tank, 496 

mechanical grate producer, 172* 
step grate producer, 1 .54 
Step Grate Producers, 1.53- J 55 
Stephan -Bolzm ANN, 57 
Storing of Pukk, eapaeity, 211, 358 
genoraF, 352-366 
Strai'HK, 103 

Suction Plant, Amsler, 258 
‘(Jrosshw, 261, 327, .384 
Dowsori & Mason, 255, 319, 385 
dusty fuels, 334 

Natiomil 4{fus ICngine To,, 2.57, .38.3 
Pmtseh,*.315, .320, .334 
Power-Gas (’orpnration, 256, 32(5, 385 
* pressure loss m. 427 
I r. pressun‘ ])lant, 126 
I Busto*', .32(5 
' Sharp-Basset, 259, 384 
j suitability of .anthraeitt* lor. 4'^6 ^ 

I - Syracuse, 160 
; . xelocily m «uis piping, .369, 450 
I Sulphate OF Ammom V - 
j ammonia content ot, 94, 408, 409' 

1 colour of, 10!) /. 

I (*vaj)oratfr, 408 
; impurities m. 408, 109 

j Lioi'ok. a<*i<i 111 , 105, 108 

eonc(‘iitration ol, 105, 409 
1 mother, 408 

neutral, 409. 4 1 1 

i rei'o- ery effieiew' A, producer, 94 
! washing, 405 

I sjiecilie gravity of solutions. 110 

steam for (‘vuporatmir s(»lutn)iis, 40!) 
tests for, 470 

Sulphur, content of various fuels, 1 15 
distrihu^-ion in distillation products, 116 
distnhiitiou in fuels, 1 15 
effect on chiikcr formation, 119 
< xtnaction, 422-425 
test for, in gas, 469 
yield by gasification, 116 
Sui/piiiiRETTEn Hydrookn, estimation of, 409 
evolution by gasiticalioii, 116 
extraction from gas. 422-425, 504 
beat loss due to formation, 60 
ignition temjieratiire, 488 
Sulphuric Acid, in mother liquor, 408, 409 
in Hufjihate, 408 
in sulphati* liquor, 405, 408 
spray catcher, 405 
test for, 470‘ 

Superheated Air and Steam Mixture, 273 
Superheater, (!rossley, 285 o 
Huff, 284 

effect of, 00, 290 ^ 

heat transmission in, 283 ^ 

leakaure in. 286 
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Superheater — con id . 

^ymn. 285" 

• Mond, 282 , 

Thy88eii’s,itl2 

Syracuse (Jompany, gfeen gas burning. 314 
higj^-preHsiirc fan, 441 
sclf-vpporizing producer, 200 

• 

Tait, 275 

Talbot, 225 , ‘ • 

Tan, spent, 327 
Tanks, settli-ig 405, 417 

Tar, acids (.see aim Phenol), 100, 111, 4J1 • 

analyses, 97, 99, 104, 110, 114, 304, 307, 440 
•. cleaning gas from, 3!MM03, 410-421 

cleanlinesff, decree of, 395, 398 , ^ , 

content in gas, 322, 395 • ^ 

dehydrator, 405, 415 
j^truotioft in ])rodueer, 235, 313-323 
^integrator, 405, 420 
, distilToition t^r r. producer ga^ tar, 111^ 

. •emulsion, 41971 405, 415 
evoluti<•^l range, 90, 102, 107, 402 
filter, 399, loo, 420 • 

fog; 397 , . . _ 

frtTin F'oei.s - • 

bitumiiKfiis coal, 14>0 , 

browm coa!, ! *'3 • • * 

cellulost , 90 * ^ 

lignite, 99 
^ ])eat, 98 

• wood, 97 • 

Jieating value, 50, fl i • 
phenol content in, 1 Ki, ill 

^>ro])er1 ies of, 1 9 ^ ^ 

<iuanlit y for w'|isiiiiig gas, 421 
recovery c^lieienev, 112 • 

removal in prodiu-cr, 313-323 ^ 

* settling, 405, 415, 417 
s[»eeific gravity, 103, 109 
tests for, 408, 470 • 

uses of jiroduecr gas, 109 
yield. See 'Far S i eld 
Tar Destrix'tion Pkoihcei* Akcriund, 317 
Cambridge, 212, 317 
Dow'son, 319 

Fcrnald on, 318 • 

Mond, 284 

Pintseli, bituminous eoal, 315 
brown coal, 320 ^ 

Syracuse, 314 
Westinghouse, 210, 321 
Tar Extraction, eliicie^oy of, 398, 421 • 
elei trical, 402 
factors in, 390 

glass wool, 399 • 

by oil, 405, 417 ^ 

Pelouze Audoin, ^99 ^ 

screwed plug, 400 

washing fans, 392-398, 405, 417-420 
Tar Recovery Pr^iduoer, 294-311 
Allgemeine Vergasungsgesellschaft, 307 


Tar RIcovery PeOducer — coafd. 

A.-G. f. Brenn.8toffvergasung, 300, 307 
Deutsche Mondgas Gesellschaft, 299 
Ehrhardt & Sehiner, ^99 
Linck, 300 . ^ , * 

Pintsch, 304 

Power-Gas Corporation, 294 
Rehmann, 299 
Thyssen, 298 

Tarry Water, cooling of, 379 
Tar Yield, effect of distillation method, 100 
effect of moisture in fuel, 307 
effect of steam, 10(> ^ • . 

effect of temperature, 100, 102, 108, 303, 304 
effect of time, 109 • • 

effect on gasiftcation cfficienev, 49 
effect in gas producers, 110, il2, 294, 304, 307 

• •niAhod of fletermining, 107, 4()2 

relation to volatile matter (*onfent, 105 
Taylor, liquid slag producer, 135 
I meclianical*ash tal)le, 11)8 

I tf EMCERATURE- 

1 by-])roduct recovery j)lant, chart of, 405 
clinkcring. 118 
of combustion, 509 
difTcren<-e, when cooling gas, 378 
I effect upon air volume, 428 

effect u[)ou carbon dioxide formatit)n, 20 
effect upon carbon monoxide formation, 10, 13.20 
effect upon (lust loss, 53 

* (‘ffcct upon gas volume, 429 

effect upon hydrogen formation, 20 
I effect u])on soot loss, 53 

effect upon steam decomposition, 18 
effect upon suli)liate liquor W(4ght, 409 
final, of products of (‘ombustion, 512 
flame, .50t), .509 

fuel bed, 28, 30 * 

gas outlet, (U, 98 • 

ignition, 488, .509 • 

•initial, i)f coiuTiustioii, 512 
low. Nee Low Temi’erature 
])icdistillatiop ndorts, 299, 302, 303, 306 
saturatioli, 299, 378, 429 « 
traction ])roducers, 341 
water-jackets. 248, 249 
Test bVrnek, 383 
'Fe-stini;, ash, 492 
bv-produets, 470, 471 
fuels, «0-493 
gas, 463-470, 474 
•plant, 473-475 « 
for tightness, 473 • 

Theisen, 420 

Thermal Efficiency, of boiler, gas fired, 490 
of furnace, 519 

•effect of initial temperature, 512 
^ • effect of time temperature, 512 
Thermal Efficiency Producer — 
when burning green gases; 315 
carbon balance basis, 459 
definition of, 47 
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Thermal Efficiency ¥TLOi)tJcm—€ontd! 
of double-zone producer, 321 
of down-draught producer, 31 S 
• 'effect of ammonia formation,* 60 
. effect of ash content, 54 
effect of cleaning gas, 60 ^ 
effect of dust and soot, 53 
^ effect of gas outlet temperature, 61 
effect of grading of fuel, 51 
effect of heat of fuel decomposition, 65’ 
effect of heat in air and steam mixture, 65 
effect of leakages, 50 
.effect of moisture content of fuel, 48 
effect of radiation, etc., 57 
effect of ^nsible heat- of fuel, 65 
effect of sensible heat of gas, 61 
effect of steam supply, 47, 66 
effect of sulphur content, 60 
effect of superheater. 66, 200 
effect of tar content of fuel, 49 
effect of water-jacket, 59 
of liquid slag producer, 142 
typical examples, 68 
Thermal Intensity, 507 
TiiEiiMic Potential, 505 
Thermostat, air and steam control, 267, 273 
Thornycroft, marine ])roducer,’350 
traction producer, 339 
Thwattf, B. H., 135 
Thwaites Blower, 442 
Thyssen, arrangement of j)roducers, 363 
indirect recovery plant, 411 
mechanical grate, 177 
tar recovery producer, 298' 

Time Factor — 

effect upon ammoni’i decomposition, 86 
formation, 88 

carbon dioxide formation, 20 
monoxide formation, 13, 20 
dust settling, 376 
gas cooling, 388, 394 
gas producer practice, 14 
hydrogen formation, 17, 20 
steam d^omjxisition, 17 
tar oil recovery, 109, 112 
Tool Flrnai’K (high speed), 499 
Traction Gas Producers — 
depth of fuel bed, 341 
general, 339-348 

lining, 341 “ 

Parker, 345 ^ 

reduction of engine-power, 3Ji,9 
Smith, 343 
Thornycroft, 339 

^ Travelling Fuel Charger, 357 ^ 

J’renkler, on by-product recovery from brown 
coal, 287 

oh predistillation retorts, 303, 308 ^ 

on«Siemens producer, 153 
“ Trimming ” of Fuel, in bell, 2C3 
in shoots,'' ^4 
Turbine, gas, 492-496 


Undeoomposed Steam, 34, 36, 61 
Underground Flues, 368, 369 
Unsaturatkd Hydrocarbons, 70, 464, 466 
Unwin, 455 f 

Up-draught Producer i'.,down-draught, 314, 318 
U.S. Cast Iron and Pipe Foundry Company, 
mechanical fuel feed, 221 
poker, 24(i 

Vacuum TSvaporator, adv^intages of, 408 
general, 405, 407 
Value, of ammonia, 78, 312 
. of ash., 117 
of dust, 374 
of sulphur in fuel, 422 
pf tar, 78,. 109, 312 
. V ^LV E, hot»ga8, disc, 309 
mushroom, 370 
plate, 371-373 

Vaporizer, heating surface, 262 
sea wa+er for, 349 
steam control, 255. 258 
Vaporizer Types Akerluijd, 317 
Arasler, 25/1 

Bender. & Fraombs, 276 
Crossfey, 261 
DoMson & Mason, ?55 
Drakenburgh, 351 ' 

Galusha,,‘^74 

National (las Engine Company, 257 
Pintseh, 257 

JN)wer-Gas Corporat’on, 256 
Sharj)- Basset, 259 ‘ 

Syracuse, 260 

traejion |)rodur,°rs, 344, 345 
Westinghouse, 2(>1 x 

Vegetable Rj-^fuse, bulk weight, 211 
tyjies of, ,^25 

Vegeta OLE Refuse PRonucEfi — 
cleaning plant for, 391-393 
(Vossley, Brothers, 327 
Deutz, 329 

Power-Gas Corporation, 326 
Ruston, 326 
Wells, 213, 327 
V^ELociTY, flame, 506 
in centrifugal washers,. 397 
ill dust sejiarators, 37b 
in gas piping, 450 
in hot-gas mains, 309 
in tar li Iters, 400 

Ventilation, of producer house, 352-306 
Ventuai Meter, 471 ^ 

Verity, Producer, 201 ' 

ViELB, Blackwell & Buck, 35^1 
Viscosity, sla^, 123 
tar, 114 

Volatile Ammonia, 79, 92, 4^2 
Volatile Matter, effect on gas formation, 26 
effect on gas quality, 76 
Volume, air, 428 t 

alteration upon gasification, 77 
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Volume— confrf. 

altitude', effect of, 429 
. t)lower speed, effect of, 444 
fan si>eed, ejf cct of, 438 * 

hot gas, 369 

moisture, effect of, 2(59, 429 
' presllue, effect of, 269, 429 
regulatvm of, 445-449 
temperature, effect of, 269, 429 
VuLQAN Producer, 207 • 

Washers, G\f.. cascade, 391-393 
dust, 404 

Flinii, Drcffein, 400 

• Lymn, *393-395 
Rmith, 399» 

spray, 391 • , • 

Washery, sflt, 333 • 

Washing -FAJ^, general types, 392-398, 405, 420 . 
fifilsure increase in, 427 
using ftij iii, 405, 417 

Wastk-woot), Vegetahi.e Refuse* 

Water, coding plant, 379, 418 
of decompoiftifln, 61 . , , 

distsilmtion, cascade, 391, 393 
phenols in cooling, 4\)7 , * ‘ • 

sea., 349, 381^ . 

8j)rayh, l](^^3, 3s.'' ^ • 

utilizing beat m, <103, 489 

va]>o«r. >S'fc Moisture or Steam * 

Water Conkumction, comhined saturator and 

• gas cooler, 265 

direct gas cooling. 37^-, "Tit • 
gas wash mg fans, 395 
W’ater-jaclo'ted roducers. 248 ^ ^ 

W'AfEU (.’ONTROE, .«'.el{^vaponzin^ ’mKlftccrsf 258, 
260 « 

Water .Iacki#, as holho-, low-pii siu'e, 253 

• coiTo^^ion of, 249 * 

general, 245-249 

lieat loss in, 59. 247, 248 
Kerpely, 170 

Kitson, 170 * 

• marine ])rodiicer, 351 
JMerson, 209 

Water-logged Soil, 368 • 

W'ater Purity, for jVlarischka producer, 252 ^ 

sea water, 349 
for vajiorizers, 264 

for w’ater-jackcted producers, 248, 249 


Weathih, protection against, 353, 359, 352-366 
Weight. See alao Specific Gravity 
dust, 376 

^ fuels in bulk, 211* , 

Wellman, asbestos valve, 372 
Hughes producer, 238 
jet blower, 432 
mechanical feed, 222 
steam- blown pokehole, 215 
Wells, cascade washer, 213, 327 
producer, 392 
Wendt, K., 27 

VI'estinghouse, tar destniction producer, 321. 

vajiorizer, 261 • * 

Wet, bottom jiroducers, 149 • 
gas meter, 471 

Wheeler, on lova-Umipcraturc distillation, 103 
* • Bone and Wheeler, on ammonia yield in 
lllond produ(!er, 91 • 

<m ash in coals, 121 
on varying steam quantities, 32 
^RiiEAD AND "W' HEELER, OH caibon and oxides 
reaction, 10, 14 

on carbon and steam reaetion, 21 
Wilson, central grate producer, 161 • 
mechanical ash removal, 168 
AN'ooi), analysis, typical, 68, 402 
boiler firing, 489 
bulk weight, 211 
gasiliention rate, 30, 41 
Hopper, 212 
* nitrogen in, 79 
sulphur in, 115 
tar yield from, 97 • 
waste, 323-328 
wool-dner, 385-390 
Wool), R. I)., gas machine, 2*43 
Wood Puodui'er, Cambridge, 212 
(.’rossley, 327 
double-zone, 321 ^ 

P^ower-Gas, 326 • 

JUiston, 326 » 

Wells, 213, 327 
Working, e<ysts, *478-483 
plant, 473-.^8 * 

Wright, John, furnace, 495 
WrERTH,’138, 142 
Young, gn ammonia, 86, 280 

Zinc Suuuw^te, (Mbb’s process, 4S 
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Parkfield Works, 
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SPECIALISTS IN PLANT FOR THE RECOVERY 
OF FUEL BYE^PRODUCTS. 

(MONO AND LYMN SYSTEMS', Etc.) 


LOW TEMPERATURE BYE-PRODUCT RECOVER/ 
GAS PRODUCER PLANT. 


Producing from FUEL different qualities 

PRODUCER GAS 


WATER GAS. 


TAR. 


OILS. 
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FUEL OILS. 


■ 1 

PITCH. 


disinfectants, 
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AMMONIA. 

I 


SULPHATE 

OF 

AMMONIA. 
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• View of a Rotary Compressor with forced lubrication, 
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suitable for us 3 wjifh unp^irified gases of temperatures up to 
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GAS VALVES 

SPECIALLY DESIGNED FOR.UNPURIFIED AND HOT GASES 
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starte6-in 1919. 

HIGH QUALITY GAS -‘ 

HIGH GASIFICATION' 

3000 LBS. 

OF COAL PER HOUR AND MORE 
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IN FUEL OUTPUT' 
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ARCA GAS PRESSURE REGULATOR 

SAVES ■ For gas producers insures 

3% to 17% FUEL. ■ . REGULAR TEMPERATURES. 
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* REGULATOR. 


* APPLY TO 


GAS Pressure without arca 

REGULATOR. 
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Gas Exhausting 

iFANSl 


j-Uor draVm’g^ g,as 
f through Scrubbte 
h or Purifiers, and 
; ; fee^ifig to Engines, 
i\ Stoyes, etc. 


! Made in various 
'•sizes to suit 
= Rroducer Plants 

- o 

of all^capacities. 

These fans are 
arranged for 
] bell-driving,. 

■1 direct-coup- 
:j ling to Electric 
L-i Motors 
^4 Steam Tu^- 
?:1 bines. 


Send your enqulri^s^ or * ?] . 

write for ^List 49) 'J~ I 

James Keith & ^Blackman Co.,LiJ.., 

' 27 Farringdon Aveflue, Liondon, E.C.^, 

H • Jtindiy ?nentioni?i^ this publication. 
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By THE LATE G. STANLEY COOPER, 

R.Sc. (Hons. Lond.), F.C.S., M.I.Min.E., etc. 

' ’ SECOND EDITION, ENLARGED AND ODMPLETELY REVISED 

• ’ BY ERNEST M. MYERS, F.C.S. 
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Iron, Steel af J Coal Co., Ltd., Stoke-on-Trent, Hbi;ours Silver Medallist 
in (ias Engineering (City and C.ucldseof London Institute), etc., etc. 

\\^ith 13 1 Illustrations^ ?.oo' Pages and Index, Demy Svo. 12s. 6 d. tet, ^ 

The followinp^ extracts are from rndews of the first edition ‘ • 

, “An exceedingly useful and well-prepared book one he subject, upon which there is an insumdercy of available . 
literature. — American (ras Engittecrttig Journal. , 

‘‘ intended primarily for the student, but can be perused also profitably by a wider rirqk; o? readers 
as all intricate technical explanations have been avoided as irflich as possihU, while the expert may also find food for 
thought in its pages ."— Iron and Coal Trades Rnnew. 

“An admirable introduction to the.subjeit . . . will prove ver>’ useful.. The theoretical-’and practical .sides of 
the various topics are well blended, and we highly recommend the book to ^bur readers.’’— /■/«' Science and Art’ of 
Mining-. * • 

“ We can recommend this book for the excellent account it affords of exi^.ing prat'»icf in bv-croduct ottking."— 
Tlie Colliery Guardian. » ‘ ^ ° 

THE DESTRUCTIVE 
DISTILLATION OF . \YoOD 

‘ By H, M. BUNBUKY, M.Sc.'(Bi;is.), B.Sc. (UjjD.) 

t Associate of the Institute of Chemistry ; Member of the Ainenc an Chemical Society ; ' 

Research Chemist to the British D>estuffs Corporation. 

With 108 Jllustrationsy 1 15 Tables^ over 300 Pages, Bibliography and Index, ^ 
Crown 4 to. 35 .^. nek 

“There is unquestionably room for a book with the scope *hus outlined ." — The Times. 

“The whole subject has been handled in an exhaustive manner, and the history of the industry traced with a 
lucidity that is praiv'worthy. . . . Throuyhciut the hook the language is simple .and unaffected, and all chapters are 
well endowed with illustrations. The taWes, in particular, are interesting. , . . The diagrams are the acme of clearness " 
and even those who do not possess an irstKht into the work can gather much from their study alone. . . . The work is 
one which can he said to have contributed its ^niota-and no sm'^jVl one, either— to the solution of the problem which 
has confronted technologists foamanj; years past, namely, how to utilise waste pioducis. We can remcmbci*no book 
before that has e-{plored the possibilities of this question sodeepF/.’ — Gas. 

IN ACTIVE PRE PARATION ' 

goal* TAR DISTILLATION 

By ARTHUR R. WARN A, M.S.C.I., btc. 

# G 

• . THIRD EDITION, REVfSED AND GREATLY EJ^AJtGED 

— • ; 1 

• -ERNEST BEWN, LTD., 8 Bouverie Street, E.Q.^ 
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MODERN GASWORKS *. 
; CHEMISTRY 

&ir‘ GEOFFREY WETMAl^, D.Sc., F.I.C. 

Chief Chemist to the Newcastle-upon-Tyne and Gateshead Gas Company. 

Cr ^to. 194 ^ages^ 41 Illustratyins^ 14 Tables^ and Index. Price 25 .?. netg 

“iThis authoritative book will serve not only the chemist who makes gas, but also the* mine ^i^ra1or who must fit 
lus product to the needs of those who desire tp usti it .” — The Coal Age. • . 

An eHainently practical book. . . . The author has collected details of recently suggested processes, which, if 
brought into the daily routine, would provi: iiseful, time-saving atftl economic.” — Engineering. 


brou^it into the daily routine, would provi: yseful, time-saving atftl economic.” — Engineering. 

“ Dr.JVeynftin is to be congratulated o^ his excel leuubook, which so admirabW fulfils its object ... an exceedingly 
useful arra practical book, which fills a long-felt need, Aid^bije feels sure that the*nook will find a ready welcome from 
all intereUed in f»as manufacture.” — W. A. Wsai.msi.ev in CTienHstry^and Industry. ^ 

“The h^k will form a valuable addition ro the liyary of every' gaswoj^ks chemist, and if, as is suggested in the 
preface, it is read in conjunction with ‘The Carboftisation of Coal,’ by V. 1. Lewes, and ‘ Modern Gasworks Practice,’ 
by A^ynfi Meade, it will provide all the necessary information Tequi‘5^ fo-Vhe routine control of the chemical side of 
coal-gas manufacture.”— F. S. SiNNAnrin Thc^Analyst. '* 

'GASWORKS. RECORDERS 

• • THEIR CONSTRUCTION AND USES 

-* Bv LEONARD A. LEVY 

M. A. (Cantab ), D.Sc. (Lond.), F.I.C., F.C.S. ; Ned Arnott Exhibitioner and Medallist at London 

• Intermediate, H^Sc. in Physics ;*Gordon Wigan University Prize for Research in Chemistry, Cam- 

bridge University ; Hrevet-Major late R.E. ; Cavalieri Order of Crown of Italy, etc., etc. 

Crown \to. 7.62 Pages^ 202 Illustrations.^ and Index. Price 35.9. net. 

^ (Gasworks Recorders’ I'^^good book written at a good time. . . . Some who already use such recorders will 

fcearn more about them, as there are not many men on a works who master the instruments thoroughly, though this is 
"very often due to ♦he want of a good teacher. Dr. Levj.^ fills that want in the de.scriptions he give.s. .’ . . The method 
the author has adopted of scparali descriptioiv>f essential parts makes the whole very clear, akJ teaches by com- 
^parison .” — he Gas ^urnal. . f ' 

“ Tlltrc wouJd ajlpcar to bv recording instruments available for purposes which one never suspected .” — The Times 
Trade an^g^Irneering Supplement, t 

. THE ADMINISTRATION AND FINANCE 
OF GAS UNDERTAKINGS 

WITH SPECIAL REFERENCE TO THE GAS^ REGULATION ACE, 1920 

By GEORGE EVETTS, AssoefM.lNsr.C.fi. 

CONSrj^^lNG ENGWEER f { 

Member of the Institution of Gas Engineers ; fafcnerly Chamberlain Scholar at tit: University ^Birmingham iV 
and Assistant Teacher of Mathematics, Mechanic.s ami Surveying at the Westminster Tev.hnlcal Institute. 

Crown 4to. 382 Pages, with ntfnerous Tables and Index. Pri^e k2s. 6 d. net. w 

• “The book will find a place in tl% technical lilfrary of every undertaking in the kingdom, ifom the Jpirgest to the 

smallest ; and those who refer to it (as they must repeatedly feel the necessity of so doing)^lIl have the information 
sought for pre.sented to them in a clear and concise manner. Wr. Evetts has not on 1 unaccomplished his purpose with 
marked success, but prodifted a volume the inL|rest and use of which will be appafent tp all engaged in the industry.” 
■—The Gas Joumad, , • / . . 

“It will obviate much drudgery in the detmination of the principles to be applied to particular cases. ... An 
excellent index ."— Colliery Guardian. 

“ Particularly valuable to an assist^t with several years’ execuUce experience, yho cAn reasonably expect to reach 
administrative rank in tfa/near future as manager or as secretary. Such should make a close study of Mr. Evetts’ 
work, and the book sknbld accompany them to higher spheres of t^ntrol.’’— 7'A<f Junior Institution of Engineers. ^ 

“ Mr. Evetts En produced an extremely Aear and read^l Account of the legislative and administrative aspects of 
the gas industry."— • • - 
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•MpDER^^ GASWORKS PRAifeTICE. By Alwyne 'Meade, 

* AssocM.Inst.C.Ji., Engineer of the VVapping Works of the Commercial Gas 
Company. Second edition, entirely re-written and greatly enlarged. Crx)wn 
4to. 827 pages. 500 illustrations. Index of 2000 references. 1921. 55s'. n<^ 

“ ‘ Alwyne Meadt; ’ should he found on the shelves of all jirogressive g.is engineers and Students, as it is an incomV 
parable book of reference and text-book combined.”— of the Insiiiufe of Chemical tfuivstrv. 

“The only possible competitor with the second edition is the first. 'J'lic former is nearly double the size of the 
latter and correspondingly more valuable.”— 7//'- Chemical Aj^e. 

“ It is a work whic;b no one seriously concerned in the prai ttce of gas manufacture can affoid to be without."— D r. 

• Ch A ki.es Car p ent;; r ip The Gas / i 'orlii. 

V No pains hStire iKV:n.sp.wed to include every development of note. Tile volume will serve the industry web for 
m^ny years to come.’V-^A? Daily Ti‘lei:;raph. 

“Every gas engineer will find a fuend in the second edition of ‘Slodcin tbasworks Practice.’ A concatenation of 
such useful information ami advice as should render inipmliahle foi any '■lesignei or operator to go he 

G'rtT Jourrtdl. ^ 

“ Iniagiii.alion of a high order is tlfiipeicd by cri.ic.d and»^i)jy(al fa« ultieswhb h have been developed by tl .: pursuit 
of scientific knowledge and lung experience in the applaaf on of this kui'vvleilge to piactii al pioblems.” — Sll& GkukGE 
Heii.hy in 7 ke Times. 

“A compendium invaluable to those co.i'eincd mi piesent-d.-y sup|)ly, and one which is ccri.du to affect con- 
siderably their fuiure outlook.” — Nature. ’ 

“ No gas engineei al his zenith can be .piip. .id fur his common d. '• .ask wilhout this woik al his elbow.”-' Gas. 

“ One reads such a book for iustructifyn, and not foi c ntu isni ” — hm^iu v > /u^;. 

' “ We hive nothing but praise. . . . Wehavebeen un.ible to discovei a single important (|Ucslion connected with 
the manufacture of town gas about wdiich he does not gn e some infoi inaiion,’ 'J'he l.u^i/u o , ^ i 

* “ The m«st important work Jn gas manufactuic that ever i',uc(l fiom the oress ©{ this oi afe^’ counli.v.’ -W. H. V. 

Ghs Juigineir. ” 

‘the practical chemistry.^ of coal. Embodying, with 

additions, the laboratory course in fuel technology a' Shclheld Univcrsit). • By 
A. E. Findley, B.Sc., A.I.C., and R. Wjgi;into\\ B.ScVa.R.V'.S. Demy/. 
8vo. Numerous illustrations. 1921. T2s.6d.net, 

“ The time is opportune for the appearance of this boo’'. I stfiil to pi;' tu.il (bemisis in gas and coke woiks, as 
well as to students m fuel technology." t'/u (,a.\ ieutnal 

“ The book should be of tlecided use to .student ami Miiit.uns niauy poiiils wind *.ill be of v.ilue to industrial ' | 


“ The time is opportune for the appearance of this boo’'. I stfiil to pi;' in.d diemisis in gas and coke woiks, as I 
well as to students in fuel technology." t'/u (ui.\ ieutnal I 

“ The book should be of tlecided UhC to .student and <ont.iins many points wind odl be of v.ilue to irulustri.al ' 
chemi‘ ts. ” — The ( ias A njfinet t'.' 

“ .Should prove mo!.t useful m works laboiaione.s. '—Aam/c. 

THE CARBONISATION OF COAL. A Scientific R-view of the 
Formation, Composition and Destructive Distillatbn of Coal for C/.s, Coke 
and By-Producls. By Vivian B. J.ewks, F.*LC., IlC^S., etc. With an 
*• addition on Recent Developments by A. B. Seari.e. Second edition. Demy^ 
8vo. Fully illustrated. 1918. T2s.6d.net. . 

“Will be hailed with salisfai ti'on by all . . . who destu (o |l.l.st^s tin, nio-sl recent Informaiion on this important 
subject.” - The Times. 

“ It wiG be re.'uUly adiiiilled tLa iliwre i^ no «>ne mote competent than the auihot to deal with the subject."— 7'Ac 
Ga^ Journal 

“ There was a need fof; thi.s book, . . lln bis tic'.atmt'nt of the siib|ect of modern inelhod.s of carbonisation, Professor > 
Lewes is as suctessful as when dealing with the abstract ipasiion j^tlu composition of coal .” — f he Colliery Gvardiijint 

THE DIStTRIBUidON OF GAS. Walter Hole. Fotirth/. 
edition, rL-written ana enlarged. Crown ^to. 715 pages. 750 illustrations; 
1921. 5V net. , . , , ; 

“The work is an ahsbr’'te raaNierpiece, and can be recommended with the fullest confidence to all-engagad hi th* 
gas industry . .. the uUth(i 7 is 'A^oif^hy of the utmost pr;'.ise.” — The Plumber. ^ 

“ Indispensable to .all associated with gas undertakings ” — The Chemical Age, ■ .a ' 

“ This book may well lie descrilred a.s the magnum obus on the disi^buiion of gas for tliii ga;s manager WKo wtnti 
the liest up-to-date handbook on the subject, or the student who requirf the best textbook ; for it coveS 
oi the Municipal Engineering. 

“ Probably the only absolutely ijomprehensive viork on the subject.”— of the Institution of Me€kaHicnl..^‘ 
Engin^'ers. ' ^ ^ ^ , v* ^ . A, 

t “ The author places the gas industry under an obligation,” — The Gas Journal. "k ^ 
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